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ABSTRACT 
 Biodiversity is in a crisis worldwide, driven by the negative effects from 
urbanization. Ecosystems are being destroyed in favor of urban areas and natural 
resources are diminishing. Stormwater management has gained an elevated importance 
and its associated infrastructure could help counter the loss of biodiversity. Freshwater 
within urban areas is critical for organisms. Anthropogenic ponds can act as refuge 
habitats within a blue network and have become a hotspot for ecological research. Using 
principles of reconciliation ecology, the effects on biodiversity were assessed following 
the conversion of a stormwater basin on an urban high school in Charlotte, NC. 
 A before-and-after design determined the change in dragonfly abundance and  
bird species richness following the conversion of a detention basin into a retention pond. 
A unique component was the inclusion of 65 high school students as research assistants 
during fieldwork. Results showed a significant increase by both bioindicators near the 
pond after the conversion, with dragonfly counts increasing by over 350%. No overall 
increase was observed between samples, likely due to a short disturbance recovery time 
post-conversion. The attraction of both bioindicators to the pond lends support for it as a 
refuge habitat. Overall, the results showed that retrofitting a stormwater basin shifted the 
biodiversity towards the pond and should increase it over time. Transferable on a global 
scale, stormwater BMP modification, citizen science and student involvement can further 
the conservation of biodiversity within urban areas. 
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INTRODUCTION   
Current Problems and Practices  
Urbanization is a major environmental concern and to date is one of the biggest 
threats to natural habitats (McDonald et al. 2008). Currently, there is no universal 
definition of the term urban; therefore, many regions and countries have each adopted 
their own definition. The U.S Census Bureau defines an urban area (UA) as one that 
encompasses a densely settled core of census blocks (1,000 people per square mile) and 
has over 50,000 people within the territory (US CB … c2019). By using this parameter, 
demographic studies can then be done to assess changes within specific population 
groups over time. For example, from 1993 to 2018, the United States urban population 
rose by over 70 million people, an increase of 5.4%. This increased the total percentage 
of people living within UAs to 82%, in the United States (Urban Population … c2019).    
That increase may seem large, but when compared to Charlotte, North Carolina, this 
metropolitan area presents an even more intensely urbanizing environment. The 
population of Charlotte has increased from approximately 400,000 people in 1990 to 
nearly 875,000 people as of 2018 (World Population … c2020). This increase of over 
118% has not only doubled the population but now 99% of the residents within 
Mecklenburg County live within an UA (World Urbanization … c2014). 
This type of growth and urbanization can negatively affect the surrounding 
ecosystem. The primary source of concern stems from the loss of habitat diversity: open 
fields, forests, and in particular, wetland habitats being replaced by primarily residential 
landscapes but can also be commercial or heavy industry properties. Such replacement 
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can trigger adverse effects on biodiversity in these places as their natural resources are 
diverted for human use (McKinney 2006). Habitat degradation and fragmentation are two 
results that also pose serious risks to biodiversity and are appearing more frequently in 
urban settings (McDonald et al. 2008). Degradation is the deterioration in the quality of 
the habitat by one or many factors, while fragmentation is the reduction of larger areas 
into many smaller and isolated sections (Sodhi and Ehrlich 2010). 
As habitat degradation intensifies, ecosystems begin to blend through a process 
known as biotic homogenization that creates increasingly similar ecological communities 
that can decrease diversity (McKinney 2006). Ecologists measure diversity at three levels 
of increasing complexity: alpha, beta, and gamma (Zang et al. 2014). Alpha diversity is 
the species richness of a single community, beta diversity is the species richness between 
two communities and gamma diversity is the total species richness of a larger area and 
the product of alpha and beta diversities (Whittaker 1972). Of the three, community level 
beta diversity plays a central role due to the wide array of abiotic and biotic conditions 
and has become the focal point for many studies addressing biodiversity (Socolar et        
al. 2015).  
The conversion of diverse landscapes into those solely used for agricultural or 
industrial purposes are examples showing biotic homogenization and loss of beta 
diversity (Benton et al. 2003). An extreme example of this conversion over the past three 
centuries has occurred in wetlands habitats where nearly 90% have been lost, with the 
fastest rates of loss coming within the last century (Ramsar Convention on Wetlands 
2018). Take for instance the drainage ditch systems that are common in both Europe and 
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North America which have diverted between 50 and 65% of surface water away from 
their intended wetlands location (Finlayson and Spiers 1999). Given the alarming rate     
of growth by the human population (US CB … c2017), critical challenges to freshwater 
management will likely be seen in the years to come (Vorosmarty et al. 2010). Thus, 
effective management will be vital, since freshwater accounts for less than 1% of the 
global surface area, yet plays a profound role by supporting nearly 10% of all species 
(Strayer and Dudgeon 2010).  
There have always been interactions between humans and the natural world 
(Strayer and Dudgeon 2010). These interactions with ecosystems have changed over 
time, especially as the global human population has demanded more resources and has 
increased the strain on the environment (Wilkinson et al. 2013). Thus, this ecological 
stress and changes in biodiversity are operating in tandem. Fortunately, a promising trend 
seen in urban development has put an emphasis on the importance of biodiversity within 
these primarily human-dominated ecosystems (Savard 2000, Baltimore City Planning 
Commission 2009). Known as green infrastructure (GI), this broad term is defined in the 
Clean Water Act as a range of measures that incorporates plants, soil, or various 
substrates to reuse stormwater and minimize its impact on sewer systems (US EPA … 
c2019). Thus, by using GI, the goal is to cost-effectively manage how, where, and when 
water flows throughout our now human-altered ecosystem (Li et al. 2019, US EPA … 
c2019).  
The traditional ecological practice of preservation, protection of an area with little 
to no human impact, has become drastically less feasible due to the intensifying alteration 
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of the ecosystem by humans (Savard et al. 2000, Rosenzweig 2003b). Ponds, both 
artificial and natural, were once categorized as green spaces given their typical proximity 
to parks or other natural habitats (Harrison et al. 1995), however, recently and more 
appropriately are now categorized as blue spaces (Gledhill and James 2008). These 
bodies of water and their associated infrastructures are now gaining popularity as viable 
types of GI that can be incorporated in UAs (Hoang and Fenner 2016). Until recently, 
there were very few studies on urban ponds and their roles within natural habitats 
(Hassall and Anderson 2015). However, new research is exploring how biodiversity can 
be sustained within these bodies of water, known categorically as anthropogenic ponds 
(Hassall and Anderson 2015). This research must overcome a conflict between the 
intended purpose for human needs and the newly considered ecological purpose in order 
to produce effective assessments of biodiversity (Hassall 2014). This balancing act has 
helped to contribute to a growing field of research, called reconciliation ecology 
(Rosenzweig 2003b, Chapman et al. 2017).  
Reconciliation Ecology 
While it might still be possible to limit the destruction to certain natural areas,  
this is becoming far less common. A prime example of this is urban sprawl, which has 
shifted landscapes dramatically from their natural pasts. Thus, reconciliation ecology 
attempts to provide an alternative approach (Rosenzweig 2003a). This type of ecology     
is based on the retrofitting of manufactured structures, which takes their original design 
meant only for human purposes and incorporates an ecological benefit for target 
organisms (Rosenzweig 2003b).   
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The theory behind this lies within the species-area relationship, generally 
considered one of only a handful of ecological laws (Harrison et al. 1995). In their 
explanation of island biogeography, MacArthur and Wilson (1967) demonstrated through 
an equation that the size of an island and the number of species are proportional, 
assuming all other factors are equal. Small islands will have less species and larger 
islands will have more species. As humans occupy and convert more and more land for 
their own uses, the land available to other species (i.e. “the size of an island”) is reduced 
which subsequently reduces its biodiversity. Reconciliation ecology converts some 
human-occupied space back to a form that can be used by species other than humans 
(Rosenzweig 2003a).  
This type of ecology is far more realistic in the current world, than the traditional 
conservation model of the past. It is also more than just a compromise, as is evident by 
the title, Win-Win Ecology (Rosenzweig 2003b), where the goal is to improve an area so 
that humans and nature can coexist. For this reason, I chose to focus on an aspect of 
ecological engineering, stormwater management, which is both common practice 
worldwide and could provide a means to help offset diminishing biodiversity.  
Stormwater Best Management Practices 
 The conversion of permeable surfaces (agricultural fields, forests, and residential 
lawns) into hard, impermeable surfaces (buildings, parking lots, and roads) increases 
stormwater runoff, which must be managed to prevent or minimize flooding, especially  
in UAs (La Gro Jr. 2005). For example, when 5 cm of rain falls on 8000 m2 of forest, 
there is little or no stormwater runoff. However, when 5 cm of rain falls on 8000 m2 of 
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asphalt, over 200,000 L of runoff occurs and can cause widespread erosion and flooding 
(Char-Meck … c2017). In addition to these primary problems, a secondary effect is the 
loss of water to natural ecosystems due to the diversion of water away from its traditional 
paths of travel: aquifers, streams, ponds, and wetlands (Greenway 2017). Given the 
severity of effects from water runoff, recent studies have begun to focus attention on 
stormwater management in urban areas (Muthukrishnan et al. 2006). 
Stormwater management and its associated best management practices (BMPs) 
comprise a universal set of guidelines and physical structures that help control water 
runoff in an efficient and effective manner (Muthukrishnan et al. 2006). For example, 
constructed detention or retention basins both serve similar purposes. These structures 
minimize the flood risk to the human population in an area by collecting and holding the 
excess runoff from the impervious ground around it and allow it to slowly permeate down 
and recharge the groundwater (Tixier et al. 2011, Hamer et al. 2012, Wong et al. 1999). 
Urban landscapes across the world, especially in Australia, Denmark, and the United 
States, all currently use these types of basins (Tixier et al. 2011). The popularity of these 
designs lies in their abilities to address water management requirements and incorporate 
aesthetic, economic, and sustainable components (Hassall 2014). 
Intentional Design   
All stormwater BMPs were designed for a specific hydrological function; 
however, some structures can provide more advantages to local organisms than others 
(Tixier et al. 2011). Of the two aforementioned structures, retention basins have been 
shown to attract native species due to the similarities they share with natural bodies of 
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water (Hamer et al. 2012). The difference between the basins is the duration at which 
water is able to persist (Marsalek et al. 2005). A detention basin will be dry most of the 
time, except during and immediately after periods of rain or snowmelt, minimizing the 
flood risk and allowing sand and larger silt particles to settle before the water continues 
on its natural path. A retention basin, however, is constructed to have freestanding water 
throughout the course of the year and further aids in sediment management by allowing 
finer particles to settle (Tixier et   al. 2011, Laramie County Conservation District 2017). 
For this reason, a retention basin is often referred to as a retention pond. These ponds 
have an added advantage in their ability to improve water quality and provide increased 
opportunities for ecological interactions (Laramie County Conservation District 2017).  
Many of these potential interactions can occur because a retention pond can also 
act as a refuge habitat by providing a source of water under certain environmental 
conditions such as a drought (Bond et al. 2008, Gledhill et al. 2008). A refuge habitat,    
by current definition, is any place that acts as a buffer or barrier aiding in the protection 
of a species from a disturbance and allowing it to persist in a larger area after the 
disturbance (Robson et al. 2008). As such, it can subsequently increase biodiversity of 
both local and regional ecosystems. These findings are quite encouraging given that 
retention ponds   can be found in just about any urban setting (Chester and Robson 2013) 
and can act as a magnifier of biodiversity (Brand and Snodgrass 2009). This is precisely 
the reason I chose to convert an existing detention basin into a retention pond, which 
would allow it to function like a natural water feature within the local ecosystem.  
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Pond Benefits and Biodiversity  
 Wherever there are high levels of human activity and loss of natural habitats, most 
local organisms face the stress of having to find substitute habitats (Chester and Robson 
2013). Species richness, the total number of species in an area, can serve as a quantifiable 
measure to assess this component of biodiversity (Brown et al. 2007). Studies surveying a 
wide range of taxa have been conducted on a global scale (Chester and Robson 2013) and 
show the versatility of this method to help answer specific research questions (Le Viol et 
al. 2009, Theire et al. 2009).  
 Investigations into the effects of drainage ditches and mitigation wetlands have 
provided an insight into the roles these anthropogenic structures are having on 
biodiversity (Chester and Robson 2013). For example, these structures can act as an 
analogous habitat, attempting to compensate for the loss of their natural one (Lundholm 
and Richardson 2010), while another role they can play is helping bridge gaps between 
locations for species with larger ranges. In doing so, these structures act as a specific type 
of refuge habitat, a stepping stone, which have been shown to help aquatic birds (Santoul 
et al. 2009). More specific studies investigating increases in species richness in urban 
ponds (Biggs et al. 2005, Chester and Robson 2013, Heino et al. 2017) have begun to 
shed light on the potentially underestimated role played by these bodies of water 
(Scheffers and Paszkowski 2013).  
 In 2002, the World Summit on Sustainable Development in Johannesburg,    
South Africa, produced an agreement to reduce the rate of biodiversity loss (van Strien   
et al. 2009). This clear identification of a goal was a major step forward for conservation. 
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However, in order to assess the next steps, an accurate protocol must be able to gauge the 
current state and be able to determine the effectiveness following an intervention. This 
information could then be shared with policy makers to help enact additional effective 
changes. This is precisely where biological indicators (bioindicators) are needed. By 
definition, bioindicators are species used to assess the quality and change over time of an 
environment (Holt and Miller 2010).These typically have moderate tolerances to changes 
within an environment and can be evaluated through monitoring by humans (Holt and 
Miller 2010). Additionally, observable changes within good bioindicators should be 
strongly linked to environmental impacts (driving forces) and should be reflective of the 
overall change in biodiversity (Ogren and Huckins 2014).  
Bioindicators  
 Macroinvertebrates, in particular the order Odonata and infraorder Anisoptera 
(Odonata Central… c2020), have garnered recent attention as beneficial bioindicators. 
The distribution of dragonflies and their habitat requirements are the main reasons, in 
addition to their ability to serve as an umbrella taxon (Kutcher and Bried 2014). By 
definition, umbrella taxa occupy large areas with particular environmental conditions. 
Conservation efforts for these taxa can in turn help many other taxa within the same 
ecosystem (Savard et al. 2000). Dragonflies act as a good umbrella taxon for freshwater 
environments in particular, because of their dual-environment life cycles, which include a 
long aquatic nymph stage followed by a short terrestrial adult stage (Berquier et al. 2016, 
Golfieri et al. 2016).  
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 Dragonflies are effective bioindicators of urban water landscapes and biodiversity 
due to their diversity, relative ease of sampling, and sensitivity to change (Wang et al. 
2006, Berquier et al. 2016, Golfieri et al. 2016). This sensitivity allows researchers to 
gain insights into both aquatic and terrestrial environment using the same group of 
organisms (Berquier et al. 2016, Golfieri et al. 2016). This is especially helpful when 
studying ponds (Kutcher and Bried 2014).  
 Ornithology, the study of birds (Hostetler and Main 2014), is renowned for its 
ability to be done by a wide range of participants of all ages and levels of expertise. Due 
to its inclusive nature, tremendous amounts of information regarding distribution and 
population trends of birds have been recorded (Nalwanga et al. 2012). One such example 
is the Florida Bird Monitoring Program (FBMP), a type of citizen science initiative. The 
FMBP was developed in 2001 and operates a database that individuals can contribute to, 
as long as they adhere to standardized collection procedures (Hostetler and Main 2014). 
The goal of the program is to track local species and to provide guidance for landscape 
improvements that could attract local species of birds to an individual’s yard (Hostetler 
2001). By combining the relative ease of identification and the use of field guides or 
technology as needed, bird species richness can serve as a good bioindicator for 
contaminants or vegetation composition in dynamic landscapes. This is especially true in 
urban areas when investigating biodiversity (Savard et al. 2000).  
Rationale 
 With habitat alteration and the associated destruction from the inevitable increase 
in urbanization (McKinney 2006), water will likely always be a limited resource in many 
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terrestrial ecosystems. This limited resource must be tightly regulated especially in 
human-dominated environments (Bond et al. 2008). Some previous studies have focused 
on various types of urban water sources, such as ditches, lakes, ponds, rivers, and streams 
(Davies et al. 2008), while others have investigated how different stormwater practices 
affect the surrounding area (Chapman et al. 2017). Very few studies in human-dominate 
environments have focused on multifaceted connections, such as habitat type and 
biodiversity (Goertzen and Suhling 2013) or how multiple locations affect one another 
(Sokol et al. 2015). Reconciliation ecology, however, provides ways of addressing these 
interconnected issues in hopes of sustaining the biodiversity primarily through the 
modifying or retrofitting existing structures.  
 Only one formal publication was found that explored the effects of retrofitting      
a stormwater management area, during which a concrete drainage channel was converted 
into a series of wetlands and ponds (Greenway 2017). The goal was to assess the benefits 
of nutrient resuspension and species richness via the enhancement. Given the singular 
study, there was a clear lack of information on how retrofitting an existing BMP would 
affect the biodiversity of native species. This served as the main motivation for the 
present project, in addition to the retrofit location occurring on an urban high school 
campus.  
The primary goal of the present project was to assess the effect on biodiversity 
following the conversion of a stormwater detention basin on the campus of South 
Mecklenburg High School in Charlotte, North Carolina. Specifically, how does the 
conversion of a detention basin into a retention pond affect the abundance of dragonflies 
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and species richness of birds and in a small semi-natural area on an urban high school 
campus? The working hypothesis was that there would be an increase in the abundance of 
dragonflies and an increase in the species richness of birds and post-conversion. These 
increases were expected due to the addition of a permanent water source for both 
bioindicators. A secondary goal was to utilize an abundant human resource, high school 
students, as data collectors and to integrate and immerse them into the research process as 
much as possible. If both goals produced positive results, the present project could be 
repeated across multiple education levels and on a global scale.  
METHODS  
Study Area 
 The study area for the present project was the 24.3 hectare campus of South 
Mecklenburg High School in Charlotte, North Carolina (~ 80°51’19” W-35°06’32” N) 
(Figure 1). Originally built in 1959, the school has expanded over the years to serve a 
growing population through significant renovations and new construction projects.          
In 2010, a three-story L-shaped building was erected on the northeast corner of the 
campus. Due to the large impervious surface area added by this construction, deepening 
and enlarging of the existing detention basin (basin), located on the southwest corner of 
campus (Figure 2) was completed in order to stay within the compliance guidelines set 
forth by Charlotte-Mecklenburg Stormwater Services (Char-Meck … c2017). In 2018,      
a project added 30 additional classrooms and a new cafeteria but no additional basin 
modification was required. As of 2020, the school had over 3000 students, nearly double 
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the campus population of a decade ago, making it one of the largest schools in both 
Charlotte and the state of North Carolina. 
 I chose this study area for three main reasons. First, the campus is located within a 
heavily urbanized area of South Charlotte, yet it has kept 12 hectares semi-natural and 
undeveloped, even with recent expansions. The semi-natural area that surrounds the 
aforementioned basin is composed of several different habitats: an open field to the 
southwest, mature forest to the west and north and two monoculture grass athletic fields 
with their associated structures to the east (Figure 3). Thus, these diversified habitats 
within a typical urban setting, composed a promising location for the present project      
and results could be applied to other urban centers to help their conservation efforts.  
 Second, I was keenly familiar with the local fauna within these semi-natural areas, 
especially the birds and dragonflies, having taught and coached on campus for three years 
prior to starting the present project. Additionally, I had nearly unrestricted access to the 
study area, which proved to be crucial at multiple times during the present project.  
 Third, as an educator, and the most important reason to me, was that I had the 
unique ability to incorporate high school students into a project of this magnitude. I was 
able to provide them with a first-hand, scientific research experience all while on their 
own campus, which was incredibly powerful.  
Study Design  
 A traditional before-and-after design study was conducted on the campus of South 
Mecklenburg High School. The before sample focused on birds and dragonflies and ran 
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from April 3, 2018 to August 1, 2018 prior to any habitat modification. It consisted of 
eight bird-survey sessions (sessions) during which an individual survey (survey) was 
conducted on each of seven defined areas (Figure 4; explained in Defined Areas).           
Thus, the before bird sample totaled 56 surveys, one per defined area (DA), repeated over 
the eight sessions. The before sample also consisted of eight dragonfly sessions, during 
which a survey was conducted on each of the same seven DAs. Thus, the total before 
dragonfly sample totaled 56 surveys, one per DA, repeated over the eight sessions. The 
eight sessions conducted for each of the bioindicators were double the number used in 
similar studies that lasted five to six months in length (Simaika and Samways 2011, 
Sutherland et al. 2004).  
 The conversion of the basin into a retention pond (explained in Conversion 
Process) took place from February 28 to March 8, 2019. Five weeks later, the after 
sampling commenced and ran from April 14 to August 9, 2019. The after sample 
repeated the same number of sessions and surveys as the before sample. In total,             
224 surveys were completed for both bioindicators during the project. 
Conversion Site Selection 
 The northern third of the basin (Figure 3; Proposed Pond Area) was the specific 
location for the conversion process and selected based on its particular topography being 
the deepest part of the basin, which was the recommended location when creating a pond 
(Williams et al. 1997). The basin remained dry most of the time, except during and 
shortly after times of rain, when stormwater runoff from a large section of campus 
entered from the south (Figure 5). It was engineered with the ability to hold a total runoff 
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volume capacity (TRVC) from storms with six-hour durations and return times of every 
two to six years (Little Diversified Architectural Consulting 2012). These parameters 
were based on hydrologic analysis principles and related to the rainfall intensity and 
frequency regime, respectively, for the city of Charlotte (Char-Meck … c2017). 
 Part of the engineering for the basin included a large 28 m berm, located higher in 
grade on the southern edge and a smaller 9 m berm, located lower in grade on northern 
edge. These two rock berms and the TRVC were the main features of the original basin 
that had to remain in compliance per instructions from Charlotte-Mecklenburg 
Stormwater Services (Char-Meck … c2014) and specified by the asbuilt survey (Presler 
2012) (Figure 6). Additionally, a sediment collection area (Figure 3; Aquatic Buffer 
Zone), upstream from the larger berm, was preexisting and minimized the quantity of 
particulates from the inflow of water. 
Conversion Process  
The planning process involved collaboration between Charlotte-Mecklenburg 
Schools (CMS) Building and Environmental Services, Charlotte-Mecklenburg 
Stormwater Services, the Mecklenburg County Division of Natural Resources (DNR), 
Peaceful Ponds, and the administrative team at South Mecklenburg High School. 
Approval and clearance from each collaborator was obtained between November 2017 
and February 2019 to ensure that the conversion would in no way minimize the TRVC, 
nor would it put the safety of the student body and nearby community at risk. In early 
February 2019, and in preparation for the start of the conversion process, a contractor, 
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working in conjunction with the DNR, completed their yearly maintenance of the 
detention basin by clear-cutting the overgrowth to keep the basin within the TRVC. 
On February 28, 2019, Brian Kuchinski, owner of Peaceful Ponds, brought his 
four-man team to the basin and we reviewed final conversion plans to ensure their work 
adhered to all project guidelines. In order to keep the TRVC of the basin in compliance, 
even with permanent water, the excavation depth of one meter of sediment within an 
oval, 50 m in length and maximum width of 18 m was completed between the two rock 
berms. Using two skid-steer loaders, the sediment was relocated to the western side of   
the collection area over a period of eight days.  
Three weeks later, on March 28, 2019, a bulldozer spread out the previously 
relocated sediment, completing a process that the skid-steers were unable to accomplish 
due to the immense weight of the wet sediment. Two months later, on May 24, 2019, 
straw fabric was laid down over the black erosion control fabric that was initially 
installed at the end of the excavation phase. This new substrate and refined embankment 
allowed for the addition of aquatic plants in the shallow waters around the edge of the 
pond and the dispersal of native North Carolina blend wildflower seeds (Appendix A).  
Defined Areas (DAs)  
 Seven defined areas (DAs) were selected for surveying based on two main 
criteria. The first criterion utilized locations where I had commonly seen birds and 
dragonflies during the previous years. The second criterion included the aforementioned 
diversified habitats that either included or were proximal to the basin. Each DA was also 
given a descriptive name derived from its location or use on campus (Appendix B). The 
17 
conversion of the basin into a retention pond occurred within the Pond Arc Path (DA 2). 
Each DA was 7800 m2 and was based on the size of the grass on the Game Field (DA 5). 
This area, within the confines of the rubber track, was chosen as the standard because it 
provided a well-defined rectangular area for surveying. Additionally the Practice Football 
Field (DA 4) and the Practice Soccer Field (DA 7) shared this same shape, which helped 
to add consistency for sight lines during surveying. The Baseball Field (DA 6) had a 
unique half circle shape, which followed the arc of the outfield fence on one side and had 
a linear edge running between the foul poles on another side. The only exception to the 
7800 m2 area was the Access Rd. (DA 3), which was 5800 m2, making it 75% the size of 
any other DA. This decreased size was due to the campus property line and the 
constraints of nearby physical structures. A proportional decrease in time for each survey 
on DA 3 was implemented in an attempt to account for the size difference.  
 Using Google Earth (c2017) and the desired size parameter, all seven DAs were 
precisely mapped and their specific sizes were determined (Table 1). Each individual    
DA map (Figures 7 – 13) was then used as the data recording sheet, one copy of each DA 
map per session. Additionally, boundary descriptions for each DA (Appendix B) were 
used to clarify the specific physical features of each DA for research assistants and to 
increase the accuracy and consistency during data recording. This was necessary because 
72 different research assistants (Appendix C), 65 of whom were high school students, 
collected data during the entirety of the project.  
 To create the physical boundaries for each DA, their corners were marked with    
a 2 m natural bamboo stake (stake) in the ground. Each stake placed in a corner was 
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denoted by having four pieces of orange flagging tape (tape), starting at the top and 
spaced out below one hand-width apart. Since DA 1 and DA 2 shared a boundary on their 
east and west sides respectively, additional stakes, denoted by only two pieces of tape 
near the top, were placed every 30 m to create a visible dividing line. This provided 
boundary clarity for the data recorders.  
 To create the left and right side within each DA, a line transect marked by stakes 
at the beginning and end, denoted by three pieces of tape near the top, ran along the 
entirety of the midline (cardinal directions varied). Further partitioning of each DA was 
done through the creation of individual plots within it. To do this, the length of each line 
transect was divided by five (six in the case of DA 2) to create equal length segments 
within each DA (lengths varied among DAs; explained below). The end of each segment 
served as the boundary between two plots with an imaginary line spanning the width of 
the DA from one side to the other. Each DA had four (five in the case of DA 2) of these 
dividing lines creating the five (six in the case of DA 2) plots. Additionally, the first and 
last plots within each DA used the beginning and end stakes as their additional 
boundaries. 
 Each individual plot was marked, from the start to end of the line transect with 
one of five colored flags: red, orange, yellow, green, and blue and assigned a single-letter 
code, (A – E) (Figure 7; see as example). DA 2 had a sixth pink flag (letter F) at its end, 
due to its elongated line transect length (220 m), which was 45 m longer than any other 
DA and 63 m longer than the average line transect length (157 m). Each flag was put 
19 
directly on the line transect midway between vertical boundaries, which served as the 
location for data collection within each plot.  
Field Survey Method 
 General Overview: Point transects, often referred to as point counts, utilize 
several stops, with set durations, along the path and can be used to determine the effects 
of habitat modification on different species (Sutherland et al. 2004). The duration for 
each stop is determined by the habitat composition and length of transect within the 
survey area. A point count technique is generally used when assessing the effects of 
certain habitat characteristics on bird species and is the preferred technique in locations 
that contain high species richness and/or wooded areas (Sutherland et al. 2004).  
 Based on the primary goal of the present project and the study area, point counts 
were utilized as the specific technique to create the foundation for the surveying 
protocols. The recording of both bioindicators took place on the DA maps while 
observers were in each plot, which is a common recording practice for point counts 
(Sutherland et al. 2004).  
 During each session, three teams (denoted as 1, 2, and 3), each comprised of a 
minimum of two research assistants, conducted surveys on the seven DAs. To efficiently 
complete each session, three total rounds were required (denoted as A, B, and C). During 
the first two rounds, each team conducted simultaneous surveys but during the third 
round, only one team conducted a survey.  
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 The duration for each survey of a DA was twenty minutes and based on studies 
conducted by Hanowski (2006) and Davies et al. (2016). The only exception to this 
duration was the Access Rd. (DA 3), which had an adjusted time of fifteen minutes 
derived from its decreased size (75% smaller). Each stop, within a plot at the flag,        
was was four minutes. There were two exceptions to this protocol: In the Pond Arc Path 
(DA 2) only three minutes and twenty seconds were spent in each plot (due to its 
increased length and presence of a sixth plot) and in the Access Rd. (DA 3) only three 
minutes were spent in each plot (due to its decreased size).  
 Dragonflies: The before sampling for dragonflies consisted of eight sessions    
that ran from June 6 to August 1, 2018 and occurred every week. The after sampling for 
dragonflies consisted of eight sessions that ran from June 14 to August 9, 2019 and 
occurred every week. The first dragonfly session date was determined by characteristics 
of their general life history patterns, in which they most active during warm, sunny days, 
with temperatures between 23° C and 30° C (Cordoba-Aguilar 2008).  
 All dragonfly surveys within a given session occurred between 11:00 and 14:00, 
the time frame in which they were typically expected to be most active (Cordoba-Aguilar 
2008) and under favorable conditions, winds less than 20 kph, cloud cover under 50% 
and no rain (Berquier et al. 2016). While there is no one standardized method for 
sampling dragonflies, two life stages (nymph and aerial adult) are typically surveyed 
(Oertli 2008). Only the aerial adult stage was utilized for the project.   
 The average elapsed time for each session, from the start to end of surveying for 
all rounds, was approximately 80 minutes. To minimize any potential effect from starting 
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different surveys at different times, a randomized schedule was created prior to the start 
of each sample (Appendix D and E) that allowed for surveys of each DA to occur at 
similar frequencies for each of the rounds (Appendix F). The total survey time for each 
session, conducted by all teams on all seven DAs, was 135 minutes. 
 Each of the three dragonfly teams consisted of four research assistants (RAs),   
one recorder (RA 1) and up to three runners (RAs 2, 3, and 4). Using a modified point 
count technique, RA 1 stood in the center of each plot, near the flag, and was responsible 
for keeping time as well as recording the location of the dragonflies within a given DA. 
The three additional RAs were then assigned to one of three regions that were created by 
dividing each plot into thirds: upper, middle, and lower. Each runner completed multiple 
circuits, for the duration of time in each plot, following a clockwise path to maximize 
visibility (Appendix G). The starting points for each runner were staggered lengthwise 
(left on upper, middle on middle, and right on lower) to allow for adequate spacing 
during the circuit.  
 When a dragonfly was seen by an RA within their current plot, the runner closest 
to the dragonfly attempted to catch it using a 35.6 cm diameter aerial net attached to a 
122 cm long metal pole. During a catching attempt, the runner had to adhere to certain 
parameters. They were permitted to go to either of the adjacent plots but were required to 
stay within the boundaries of the DA (Sutherland et al. 2004). The purpose of attempting 
to catch the dragonflies, as opposed to just recording their locations, was to create a local 
representative assemblage (Oertili 2008) that could be used as a reference to compare 
with future captures. When dragonflies were caught, upon removal from the net, pictures 
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were taken by cell phones from multiple viewpoints, prior to their release. This digital 
cataloging of dragonflies was derived from the traditional method (Oertili 2008), which 
involves drying of dragonflies using acetone and storing in glass vials. This method was 
not chosen out of safety concerns associated with unsupervised use of chemicals by RAs.  
 Birds: The before sampling for birds consisted of eight sessions that ran from 
April 3 to July 18, 2018 and occurred in alternate weeks. The after sampling for birds 
consisted of eight sessions that ran from April 17 to July 19, 2019 and occurred in 
alternate weeks. All bird surveys within a given session occurred between 0700 and 
0900, well within the suggested first four-hour window after sunrise when birds are 
typically more active (Davies et al. 2016). Given that certain adverse weather conditions, 
characterized by heavy rain and/or wind exceeding 20 kph, can make recording difficult 
and negatively affect the activity level of birds (Hanowski et al. 2006), no sessions were 
run during these times. Fortunately, no sessions encountered such conditions.  
 Three members from the local Mecklenburg Audubon Society served as the bird 
experts, one per team in, given their extensive local and international birding experience. 
Each expert was able to identify species by both sight, including use of binoculars 
(brands varied) and sound. Using point counts and the ability of each expert, the locations 
of individuals or multiple birds at times, of specific species were recorded on the DA 
maps while in each plot.  
 The average elapsed time for each session, from start to end of surveying for all 
rounds, was approximately 80 minutes. To minimize any potential effect from starting 
different surveys at different times, a randomized schedule was created prior to the start 
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of each sample (Appendix H1 and I1) that allowed for surveys of each DA to occur at 
similar frequencies for each of the rounds (Appendix H2 and I2). A similar schedule also 
minimized any potential between-expert bias by allowing for surveys of each DA to 
occur at similar frequencies for each expert (Appendix H3 and I3). The total survey time 
for each session, conducted by all teams on all seven DAs, was 135 minutes. 
 It has been suggested that working with a partner increases the efficiency and 
effectiveness of a survey. This could be attributed to the fact that it allows one person to 
constantly observe the area, while the other records all necessary information (Sutherland 
et al. 2004). For this reason, a minimum of two, and usually three, RAs, typically high 
school students, accompanied a bird expert during the surveys.  
 The RAs were responsible for recording all information, in addition to helping 
locate additional birds. RA 1 kept time and recorded the location of each bird on the 
corresponding DA map. To aid in the process, RA 1 used Celestron 8 x 42 Nature DX 
Binoculars, as needed. Recording of individual species was done using a two-letter 
coding system (Appendix J) that was developed based on an initial species list. Retired 
AP Biology teacher Ken Kneidel, one of the bird experts, created the initial list based on 
the most likely seen local species. The two-letter coding system employed for recording 
efficiency resembled the one used by the British Trust of Ornithology (2017) during their 
breeding bird surveys.  
 RA 2 recorded all fly-over birds, defined as those birds that are within the DA 
boundaries but above tree height (Hostetler and Main 2014). This information was 
collected to determine what additional birds were in the vicinity but not directly using the 
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DA resources. If a new species was seen flying over or within the DA, it was added to the 
list of species and a two-letter code assigned. Additionally, RA 2 helped to tell RA 1 the 
two-letter code, as needed, when recoding them on the DA maps. RA 3, if present, helped 
locate additional birds within either the DA or flying over, using binoculars as needed.  
Bird Life History Components (LHCs)  
 To gain a deeper insight into the assemblage of birds identified during the project, 
three life history components, residency status, habitat preference, and primary diet were 
selected as additional variables. The LHCs were chosen to analyze species that occupy 
different niches and to identify changes within the study area that might be less 
pronounced. Using the Guide to North American Birds (Audubon . . . c2020), all species 
were assigned to one of four different categories (described below), within each of the 
three LHCs. The assigned categories were then cross-referenced using the Cornell Lab 
Bird Guide (2020). When categorical overlaps for a species were encountered or when 
categorical conflicts were presented between references, species-specific decisions were 
made by consulting the advice of the bird experts. Table 2 contains the complete list of 
species and their assigned categories for each LHC.  
 Residency Status: This first LHC was selected because the study area, from early 
April through mid-July, when the surveys were conducted, is the time of the year when 
species with a range of residency statuses are present (Birds of North Carolina … c2020). 
Residency statuses were derived from species locations on migration maps (Audubon 
2020) which produced four categories: permanent resident, summer-only resident, 
winter-only resident, and migrant. These categories were compared to locations on range 
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maps (Cornell Lab … c2020) and no conflicts between the two were found. However, 
based on the recommendation from the bird experts, six species were re-assigned to 
different categories based on their specific habitat criteria and the characteristics of the 
study area.  
 Habitat Preference: This second LHC was selected given its strong connection to 
the independent variable, a modified habitat via the addition of a retention pond. Habitat 
preference categories were created by grouping species with similar habitat descriptions 
(Audubon … c2020). This initially produced six total categories, of which the majority 
had six or few species. These categories were compared to life history habitat codes from 
the Cornell Lab (2020). Knowing that these categories would be further subdivided, 
pooling of categories was completed in an attempt to minimize the number of categories 
with small values defined as five or less. This is a common statistical manipulation where 
data from two categories are combined into a joint category (McDonald 2014).  
 The first pooling combined the shrubs category and the semi-open/forest edge 
category. I also re-assigned two species (American Robin and Mourning Dove) from the 
semi-open/forest edge to the urban category, based on my primary knowledge of those 
campus bird populations. A second pooling was needed because two categories each still 
had only five species, so the open fields and urban categories were combined. Thus, the 
final four habitat preference categories were: forests, semi-open/forest edge/shrubs, open 
fields/urban, and water/shoreline. 
 Primary Diet: This third LHC was selected on the premise that the addition of a 
retention pond would change the availability of avian food sources on campus. Primary 
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diet categories were create by grouping species with similar diet descriptions (Audubon 
… c2020). This initially produced three categories: seedeaters, omnivores and 
insectivores but left four species, with very different food sources, as outliers. These 
categories were compared to the diet code from the Cornell Lab (2020) but that did not 
help provide clarity for the fourth category. Ultimately, the four species were combined 
to create the fourth category, carnivores. 
 Differences within DAs: All DAs had their own unique set of characteristics that 
remained unchanged between the two samples with the exception of the Pond Arc Path 
(DA 2), which was the site of the conversion into a retention pond. Thus, the analysis of 
these unique characteristics within each DA was assessed using the selected LHCs.   
Statistics Overview 
 The overall difference in species richness of birds and abundance of dragonflies 
between samples was evaluated using the Chi-Squared Goodness-of-Fit Test. The 
differences in abundance of dragonflies and species richness of birds between samples 
within DAs was assessed using the Chi-Squared Test of Independence. If a significant 
difference was obtained, a post hoc analysis was completed to identify the locations of 
deviation causing the difference (Peck et al. 2008).   
  The difference in species richness of birds between samples based on life history 
component (LHCs) was analyzed using the Fisher-Freeman-Halton Test (FFHT), which 
is a modification to the Fisher’s Exact Test of Independence (Kirkman 1996, McDonald 
2014). The FFHT shares many similarities with the more popular Chi-Squared Test but 
differs in that it does not calculate a chi-squared value (McDonald 2014). Rather, it 
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directly calculates the FFHT exact p (value) from a Row (R) x Column (C) contingency 
table (Kirkman 1996). The FFHT was chosen over those more common statistical tests 
because of its increased accuracy when expected numbers are small (defined as five             
or less) (McDonald 2014).  
 If a significant difference was obtained, a post hoc analysis using the Bonferonni 
Correction (BC) was completed by running individual FFHTs between all combinations 
of categories within the LHC. The BC was calculated by dividing 0.05 by the number of 
combinations and used to assess the individual FFHT exact p-values. This technique is 
common when utilizing multiple comparisons and is similar to a residual analysis in its 
identification of deviation locations causing the difference (McDonald 2014).  
 The species richness between sample IDs (described in Results) based on each of 
the three LHCs within each of the seven DAs was assessed by completing 21 individual 
FFHTs. The Fisher-Freeman-Halton Test was chosen because the majority of the 
expected values for each category, within the LHCs, were small and this test provided 
increased accuracy under these criteria. The species richness between samples based on 
each of the three LHCs within each of the seven DAs was also assessed by completing  
21 additional individual FFHTs. 
RESULTS 
Dragonfly Abundance 
 Overall, the conversion of the detention basin into a retention pond did not 
produce a significant difference in dragonfly abundance between samples (Χ2 = 2.938; 
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d.f. = 1; p = 0.087). The total dragonflies counted during the before samples (BS) were 
622, while the total dragonflies counted during the after sample (AS) were 563.  
 There was a significant difference in dragonfly abundance between samples 
within defined areas (DAs) (Χ2 = 135.998; d.f. = 6; p < 0.001) (Figure 14). Post hoc 
residual analysis identified the Pond Arc Path (DA 2) as having significantly more 
dragonflies in the AS than expected (Z = 10.9) and DAs 4, 5, 6, and 7 as having 
significantly fewer dragonflies in the AS than expected (Z = -2.8, -3.1, -4.0, and -2.7 
respectively) (Table 3). 
 There was also a significant difference in dragonfly abundance between DAs 
within the BS (Χ2 = 192.768; d.f. = 6; p < 0. 001) and the AS (Χ2 = 140.742; d.f. = 6;       
p < 0. 001) (Figure 15). Bonferonni Correction (BC) post hoc analysis revealed during 
the BS that DAs 1, 2, and 3 each had significantly fewer dragonflies than each of DAs 4, 
5, 6, and 7 (Χ2 ≥ 34.938, d.f. = 6; p < 0. 001 for each comparison) (Table 4a). During the 
AS, the Pond Arc Path (DA 2) had significantly more dragonflies than each of the other 
DAs (Χ2 ≥ 21.718; d.f. = 6; p < 0. 001 for each comparison) (Table 4b). Additionally, the 
Access Rd. (DA 3) had significantly fewer dragonflies than DAs 4, 5, 6, and 7                         
(Χ2 ≥ 18.000, d.f. = 6; p < 0. 001 for each comparison) and the Principal’s House Rd. 
(DA 1) had significantly fewer dragonflies than the Soccer Field (DA 7) (Χ2 = 11.111, 
d.f. = 6; p < 0. 001).   
Bird Species Richness  
 By combining the before and after samples, 53 species of birds were identified 
within the DAs, of which 36 of the same species were identified during repeated   
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samples (RS). There were seven before-only sample (BOS) species identified and               
ten after-only sample (AOS) species identified. Those three categories were used to 
designate the sample status identification (sample ID) for each species (Table 5). 
 Overall, the conversion of the detention basin into a retention pond did not 
produce a significant difference in species richness between samples (Χ2 = 0.101; d.f. = 1; 
p = 0.750), nor did it produce a significant difference in species richness between samples 
within DAs (Χ2 = 4.073; d.f. = 6; p = 0.667) (Figure 16). This was evident by the before 
sample (BS) identifying 43 species (Figure 17) and the after sample (AS) identifying      
46 species (Figure 18).  
 There was a significant difference in species richness between DAs within the AS 
(Χ2= 19.281; d.f. = 6; p = 0.004) but not for the BS (Χ2 = 12.260; d.f. = 6; p = 0.081) 
(Figure 19). The BC post hoc analysis identified the Principal’s House Rd. (DA 1) and 
the Pond Arc Path (DA2) as each having a significantly higher species richness than the 
Game Field (DA 5) (Χ2 = 10.000; d.f. = 1; p = 0.002 and Χ2 = 10.756; d.f. = 1; p = 0.001, 
respectively) (Table 6).  
Bird Life History Components (LHCs)  
 Species richness was assessed between samples based on the three LHCs and it 
was assessed between samples based on the LHCs within each DA but no significant 
differences were found (p > 0.05 for each comparison).  
 Residency Status: There was a significant difference in species richness between 
sample IDs based on residency status (Fisher-Freeman-Halton Test (FFHT) exact              
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p = 0.038) (Table 7). The BC post hoc analysis did not reveal any significant differences 
in species richness between residency status categories (p > 0.008 for each comparison). 
Permanent residents accounted for 64% of all identified species, of which three quarters 
were identified during repeat samples (RS), summer-only residents totaled nearly 20%, 
while migrants and winter-only residents each made up 8%.  
 Habitat Preference: There was no significant difference in species richness 
between sample IDs based on habitat preferences (FFHT exact p = 0.114) (Table 8). 
Species that preferred forests accounted for 36% of all identified species, the semi-
open/forest edge/shrub category made up 30%, the open fields/urban category totaled 
25%, and those with water/shoreline preference comprised the remaining 9%.  
 Primary Diet: There was no significant difference in species richness between 
sample IDs based on primary diet (FFHT exact p = 0.331) (Table 9). Insectivores 
accounted for 49% of all identified species, while seedeaters made up 24%, omnivores 
totaled 19%, and carnivores were just 8%. 
 Differences within DAs: When assessing the species richness between sample IDs 
based on the three LHCs within each of the seven DAs, four significant differences were 
demonstrated (Table 10) out of the 21 total combinations (Appendix K).  
 The Access Rd. (DA 3) showed a significant difference in species richness 
between sample IDs based on primary diet (FFHT exact p = 0.011). The BC post hoc 
analysis identified seedeaters as having a significantly higher species richness compared 
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to insectivores within BOS species and insectivores having significantly higher species 
richness compared to seedeaters within AOS species (FFHT p = 0.002) (Table 10b).  
 The Baseball Field (DA 6) showed a significant difference in species richness 
between sample IDs based on habitat preference (FFHT exact p = 0.004). The BC post 
hoc analysis did not reveal any significant differences in species richness between habitat 
preference categories (FFHT exact p > 0.008 for each comparison).  
 The Pond Arc Path (DA 2) showed a significant difference in species richness 
between sample IDs based on two LHCs, habitat preference (FFHT exact p = 0.015) and 
primary diet (FFHT exact p = 0.032). BC post hoc analyses did not reveal any significant 
differences in species richness between habitat preference categories or between primary 
diet categories (FFHT exact p > 0.008 for each comparison). 
DISCUSSION 
Contextual Overview  
 The present project was designed around a retrofit to the detention basin located 
on an urban high school campus. The conversion extended the duration that water was 
present in the basin from temporary to permanent (Chester and Robson 2013). The result 
was the creation of an urban retention pond, thus providing a valuable freshwater 
resource for organisms inhabiting the campus (Hassall and Anderson 2015).  
 Australian urban planners are putting an emphasis on the conservation of 
freshwater biodiversity by incorporating bodies of water into cities that become 
interconnected within a blue network. This design aspect fits into a larger system known 
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as green infrastructure (GI) (BenDor et al. 2018). This is exemplified in Melbourne, 
which has become a hotspot for stormwater pond creation over the past two decades     
and has seen their numbers increase five-fold (Hale et al. 2015). Likewise, in Brisbane,   
a recent case study by Greenway (2017) described how two wetlands were created by 
altering a stormwater management system. Using GI, concrete drainage channels were 
converted into ponds and wetlands and the result was an increase in species richness of 
50% compared to the original concrete infrastructure (Greenway 2017). To date, that was 
the only study found that assessed the effect on biodiversity following a retrofit to a 
stormwater BMP and thus demonstrated a clear need for additional research.  
The primary goal of the present project was to assess the effect on biodiversity 
following the conversion of the detention basin into a retention pond. This outcome was 
evaluated using a comparison between the abundance of dragonflies and species richness 
of birds and before and after the conversion process. A secondary goal of the present 
project was to utilize high school students as research assistants. Through their 
involvement in ecological fieldwork, I hoped to instill a deep sense of appreciation for 
the biodiversity around them and to demonstrate the value of conservation research to  
our next generation.  
Dragonfly Abundance  
Overall, the conversion did not produce a significant difference in dragonfly 
abundance between samples. This result was in contrast to my hypothesis that the 
abundance would increase post-conversion due to the presence of a permanent water 
source. However, there was a significant difference in dragonfly abundance between 
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samples within defined areas. Specifically, a shift had occurred in dragonflies towards the 
pond (DA 2) and away from athletic fields (DAs 4 – 7). This was a result of the Pond Arc 
Path (DA 2) having significantly more dragonflies during the after sample than expected 
and the Baseball, Practice Football, Game, and Practice Soccer Fields, having 
significantly fewer dragonflies (Figure 14).  
The clear inference was that dragonflies were attracted to the pond from the other 
areas. This was strengthened by similarities in abundance between samples, which meant 
the changes seen were not due to differences in overall abundance but rather where the 
dragonflies were located during the after sample. These results were supported by 
findings from Germany that urban ponds can contain a high number of dragonfly species 
(Goertzen and Suhling 2013) and that certain pond restoration approaches can increase 
dragonfly diversity, such as increasing the amount of sunlight by the removal of 
vegetation that causes shade (Janssen et al. 2018). Additionally, a significant difference 
in dragonfly abundance between defined areas within the before and after sample 
provided further evidence that dragonflies were attracted to the pond (Figure 15). This 
was seen by the after sample having the highest abundance at the pond (DA 2 in contrast 
to the before sample which had higher abundances on the athletic fields (DAs 4 – 7).  
Odonata are gaining popularity as model organisms for analyzing the effects of 
urbanization as evidenced by a literature review, which identified 79 papers, of which 
66% were published within the previous 15 years (Villalobos-Jimenez et al. 2016).      
This trend has continued with three recent papers providing strong support for the 
increased abundance of dragonflies by the pond. Most notably, Holtmann et al. (2018) 
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showed that stormwater ponds in Germany promote dragonfly species richness for both 
common and threatened species.  
Similar findings from Sweden indicate that urban stormwater ponds contained a 
large proportion of regional or beta diversity of dragonflies and environmental variables 
were the main drivers for differences seen between ponds (Johansson et al. 2019). 
Additionally, Perron and Pick (2020) found that obligate wetland plant species were a 
strong predicator of dragonfly abundance, accounting for 36% of the variation seen by 
urban stormwater ponds in Ottawa, Canada. These results show a strong plant-Odonata 
relationship. Overall, urban stormwater ponds have the ability to hold remarkably high 
dragonfly diversity, especially when combined with the correct composition of aquatic 
vegetation.   
Given these documented connections between dragonflies and plants, it is worth 
reiterating that several species of aquatic plants were incorporated into the shallow water 
around the edge of the pond in late May 2019, prior to the after sample of dragonflies 
(Appendix A). Thus, I reasonably concluded these plants helped play a role in shifting  
the location of dragonflies towards the pond during the after sample. Strength for this 
conclusion was the noting of courtship and mating behaviors on and around the aquatic 
plants during after sample surveys. McKinnon and May (1994) observed similar 
behaviors when studying dragonfly mating preference in New Brunswick, New Jersey.   
Bird Species Richness  
Overall, the conversion did not produce a significant difference in species 
richness between samples nor was one evident between samples within defined areas 
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(DAs). These results did not support my hypothesis that species richness would increase 
post-conversion due to the presence of a permanent water source. It is quite possible    
that these results, and the lack of an overall difference seen in dragonfly abundance,     
are attributed to the delayed conversion process. This delay allowed for a very short 
duration, one month, between the disturbance from the conversion process and the start 
of the after sample for birds. The intended recovery time was six months, but even that 
might not have been long enough to see overall changes.  
However, there was a significant difference in species richness between defined 
areas for the after sample (Figure 19). Specifically, a shift had occurred in species 
richness towards the Pond Arc Path (DA 2), as seen by an increase of 30% and away 
from the Game Field (DA 5), as seen by a decrease of 30%. I infer that the birds were 
attracted to the pond based on the available water source and the associated plants and 
invertebrates. Additional strength was seen by the similarity in species richness within 
defined areas between samples. This meant that the overall number of species was not 
higher during the after sample but rather where the species were located had changed. 
Ferenc et al. (2014) saw similar results and reported an average increase of two species  
of woodland birds near a body of water, in the Czech Republic, when investigating 
influential habitat attributes for urban green areas.  
Further evidence demonstrating that birds were attracted to the pond was seen    
by analyzing the location of species unique to a single sample. Of the seven before-only 
species, just one was identified by the pond; however, seven of the ten after-only species 
were identified only by the pond. A logical explanation is that the pond acted as a 
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compensatory habitat. Morris et al. (2006) described a similar phenomenon in a review 
and alluded to it being possible, citing shifts in the distributions of certain target species. 
However, they stressed the necessity of obtaining survey data over set timeframes to 
better assess the effect of the habitat modification.  
Bird Life History Components (LHCs) 
 The three life history components selected for analysis in the present project   
were residency status, habitat preference, and primary diet. Each one focused on a 
different niche that I thought would provide a deeper insight into the identified species 
within the overall assemblage. My hope was that these would help to identify less 
pronounced changes within the study area or within individual defined areas.  
 Residency Status: Bird surveys were conducted for over three months, from   
early April through mid-July, which meant there was the possibility of identifying species 
that were not permanent residents. While a significant difference between sample IDs 
was found, this was attributed to many smaller differences between the number of species 
within each category compared to the expected numbers. I did infer that the after-only 
migrant species utilized the pond as a refuge habitat based on trends described by   
Chester and Robson (2013) in a review that analyzed the ecological characteristics of 
anthropogenic refuges for freshwater biodiversity. Analyses also indicated expected 
results for other categories, such as, all four winter-only resident species identified were 
during the first two sessions in early April and the majority of summer-only residents 
identified were during the middle to late sessions in June and July.  
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 Habitat Preference: Given the nature of the project, I expected an increase in the 
number of species with a habitat preference of water/shoreline. However, that was not the 
case and surprisingly the birds were distributed very similarly between the habitats, as 
seen by at least 25% of the species in three of the four categories. I found it worth noting 
that three species were identified during the after-only sample with a habitat preference 
of water/shoreline. Two were permanent residents, a Great Blue Heron and a Mallard, 
while one was a migrant, the Solitary Sandpiper. 
 The most obvious explanation for the similarity seen in habitat preference is the 
very short recovery time following the conversion. Pond colonization does not happen 
overnight but rather may take several years to accumulate macroinvertebrate and plant 
species (Williams et al. 2008). Another possible explanation is that habitats are complex 
systems and overall habitat heterogeneity is more important than any one prominent 
feature. Shwartz et al. (2008) found similar results when analyzing habitat variability and 
distribution of birds at a large urban park in Tel Aviv, Israel. They ultimately concluded 
that individual habitat differences, within the overall park, were important for the 
distribution of species and that water sources also allowed for an increase in biodiversity 
(Shwartz et al. 2008).  
 Primary Diet: Similar to habitat preference, I expected an increase in the number 
of insectivore species based on the prediction that the pond would have increased the 
number of insects. My results did not support that hypothesis, although insectivores were 
the dominant category, both seedeaters and omnivores were well represented.   
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 Based on the increased abundance of dragonflies by pond, I hypothesized that 
future surveys would see a statistically significant increase in insectivore species driven 
by the emergence of adult dragonflies. Schummer et al. (2012), when studying dredged 
ponds near Lake Erie, Ontario, documented that very result. Also in Canada, Hassall and 
Anderson (2015) found stormwater ponds in Ottawa contained high macroinvertebrate 
biodiversity levels that were comparable to natural bodies of water and that proper 
management of stormwater ponds was important within urban areas.   
 Differences within DAs: Even though habitat preference and primary diet did not 
show significant differences in species richness between sample IDs, I hypothesized that 
there could be within-DA differences. My hypothesis was derived from the unique 
characteristics associated within each DA and how certain species might utilize different 
aspects of their realized niches. Additionally, Davies et al. (2016) had documented that 
habitat heterogeneity increased biodiversity within urban ponds. In total, there were four 
significant differences, spanning three DAs and associated with two of the LHCs. 
 The Access Rd. (DA 3), located just north of the pond, had a significant 
difference in species richness between sample IDs based on primary diet. Specifically,      
a shift in primary diet from seedeaters to insectivores as seen by five before-only sample 
seedeaters identified to six after-only sample insectivore identified. I infer that the 
observed change in primary diet from seeds to insects was the result of close proximity 
between the Access Rd. (DA 3) and the pond (DA 2).  
 While significant differences were seen in species richness based on habitat 
within the Baseball Field (DA 6) and Pond Arc Path (DA 2) the differences were 
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attributed to many smaller differences between the number of species within each 
category compared to the expected numbers. The Pond Arc Path (DA 2) also showed        
a significant difference in primary diet. This was seen by eight more insectivore species 
identified during the after-only sample compared with before. Combined, these results 
supported the inference that the birds were attracted to the pond.  
Student Involvement in Ecological Research  
 From the inception of this project, my goal had been to share the experience with 
students. Knowing the magnitude and scope of the project, collecting data on my own 
was never feasible. However, as the AP Biology teacher, I was surrounded by a wealth of 
eager young scientists who wanted to immerse themselves in research. During the spring 
of 2018, my schedule allowed me to conduct the present project within a high school 
setting. For the before sample of birds, I enlisted the help of nine senior AP Biology 
students. Once every two weeks they traded in their pencils for binoculars and engaged in 
a learning-experience second to none. Divided into teams of three, the research assistants 
worked side-by-side with one of the bird experts and gained knowledge far beyond what 
any book could ever teach them. The collaboration between experts and research 
assistants, when identifying or recording birds was truly remarkable, especially since 
these were students on their own campus, doing these activities during the school day.  
 The before sample of dragonflies was as much a learning experience for me as it 
was for the 15 high school volunteers. This group was assembled and trained very 
quickly on the specific survey protocols, during which I stressed the importance of 
consistency when starting a new research project. Since I was only able to be with one 
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group during a survey, the other two had to operate independently and thus I had to rely 
on the research assistants keeping me updated on the effectiveness of the protocols, more 
so that summer than at any other point. The level of detail and professionalism the 
students demonstrated that summer, as an educator, is what I strive to teach my students. 
Sadly, the confines of a traditional class are less conducive to this, further emphasizing 
the need for more research projects involving high school students.  
 The after sample of birds gave me the ability to incorporate the present project 
directly into my curriculum, especially during our ecology unit. I was fortunate to have    
a class of 15 students during first block, which meant I had the desired nine research 
assistants needed, plus substitutes. This opportunity allowed the students to read my 
proposal, which supplied them with the underlying theory, explanations for the methods 
and even sparked their curiosity into further questions. More than anything else, their 
flexibility to embrace an opportunity allowed them to learn first-hand about the 
biodiversity of their campus. 
 The after sample of dragonflies began very differently compared to the preceding 
summer. Having recruited and trained a group of 28 students, I created a schedule 
(Appendix L) and assigned captains to each of the three teams. Their primary roles were 
to ensure that their four-member teams were ready for their scheduled survey each week. 
This student-driven operation taught leadership, responsibility, and most of all, 
communication.   
 Overall, the secondary goal of involving high school students in ecological 
fieldwork was a resounding success. In total, 61 high school students served as research 
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assistants, and 19 helped enter all dragonfly data in the fall of 2019. I truly believe the 
experience created a deeper sense of appreciation for biodiversity and my hope is that the 
value of conservation research was demonstrated, but that is still yet to be discovered. 
Citizen Science   
 First introduced by Dunn et al. (2006) the term “pigeon paradox” stresses the need 
for people in cities to stay connected with nature in order to facilitate the conservation of 
species. It is a paradox because the same people who ultimately led to the necessity for 
conservation are now tasked with that very process. Dunn et al. (2006) also states that 
while current conservation efforts are insufficient, experience with nature increases the 
desire to conserve it, and future conservation programs will likely occur within urban 
environments.   
 Fortunately, a new field known as “citizen science” (Silverton 2009) has emerged 
that utilizes lay volunteers to collect data that otherwise would not be possible. Most 
studies currently being conducted are within the scope of ecology or environmental 
sciences and include established examples such as the British Trust for Ornithology, 
Chicago Wilderness Project, and Project Pigeon Watch (Silverton 2009). Based on the 
current state of conservation and the goals of citizen science, urban ponds could be a 
great avenue to help with conservation efforts and hopefully I have demonstrated that 
they can also serve as a powerful education tool.  
 The dialogue about the benefits of urban ponds has greatly increased on campus 
at South Mecklenburg High School thanks to the students who served as research 
assistants and is coming to grow through the utilization of the pond for independent 
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research projects. It is important to note that given the immense size of the student body, 
over 3000 students, the scope of influence from the pond regarding conservation has the 
potential to be incredibly impactful on a larger scale. Members of the National Math and 
Science Honors Society were also furthering this influence through different project that 
included the pond in their plans. Two of these projects were centered on community 
outreach; one had planned a “Science Excitement Day” for the local elementary schools, 
and the other had planned an “Outdoor Education Day” for the local middle schools. 
Both projects planned to have a community picnic by the pond as their culmination. A 
third project was tasked with incorporating the pond into various aspects of campus and 
classes to maximize the potential benefits. This group had applied to designate the pond 
as a Certified Wildlife Habitat through the National Wildlife Federation and had just 
begun an independent research project. That project was investigating the abundance and 
activity levels of white-tailed deer on campus by utilizing the trail cameras set up around 
the pond. They were hoping to publish their findings in a peer-reviewed journal and even 
further expand the influence from the pond regarding conservation.  
 In all, the opportunities for citizen science and conservation within urban ponds 
and other freshwater systems are abundant. This is demonstrated by international 
programs such as the Fresh Water Watch, which attempted to standardize water quality 
testing by collecting and analyzing data from urban stormwater ponds in Toronto, Canada 
(Scott and Frost 2017) and the OPAL Water Survey, that assessed the ecological status of 
drainage ponds in Central Scotland (Rae et al. 2019). The Izaak Walton League’s Save 
Our Stream Program is a nationwide program that trains volunteers to promote water 
quality testing and protect waterways from pollution (Izaak Walton … c2020), while     
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the South Carolina Adopt-a-Stream provides watershed education, engagement, and 
stewardship at the state level (SC AAS … c2020). Locally, the city of Charlotte has their 
own Adopt-a-Stream program that has 3000 volunteers annually that primarily remove 
trash from the local waterways (Char-Meck … c2020).  
Future Conservation Efforts  
 The battle between urbanization and biodiversity will not end soon but rather 
intensify, as humans demand more resources. However, given the ability of ponds to 
contribute significantly to beta diversity at the regional level (Williams et al. 2004) there 
is the potential to help offset the negative effects of urbanization (McDonald et al. 2008) 
by utilizing pondscapes within the blue network (Hill et al. 2018). Additionally, the use 
of stormwater retention ponds acting as anthropogenic refuge habitats (Bond et  al. 2008, 
Halliday et al. 2015) can in turn generate biodiversity (Brand and Snodgrass 2009).  
 Stormwater basins are prevalent globally and an increase in popularity of green 
infrastructure has made this combination a likely focus of future conservation efforts. 
Within urbans areas, biodiversity stands a fighting chance, through the retrofitting of 
current drainage systems to incorporate ecological benefits (Greenway 2017, BenDor et 
al. 2018). This optimism would be strengthened if urban developers and policy makers 
were to have a paradigm shift towards making decisions with these ecological benefits to 
the structures considered (Bell 2020, Pandit et al. 2019).  
 The connection between ecological benefits and policy decisions is not as 
disconnected as it may appear. Over the last 20 years, ecosystem services, defined as the 
benefits that people derive from functioning ecosystems, has been growing in prominence 
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(Costanza et al. 1997). Of the 17 different services described, water regulation and supply 
are the two most applicable to stormwater management and BenDor et al. (2018) 
described how infrastructure decisions could be made using valuations for both services. 
Through the monetary amount placed on these structures, cost-benefit analyses could 
help guide policy makers and show why a retrofit would be the right decision. 
Additionally, through the incorporation of cultural ecosystem services, urban ponds are 
given an even higher valuation based on their aesthetic, educational, and scientific 
qualities (Costanza et al. 1997). Thus, by combining biophysical, cultural, and economic 
models, a valuation can be assigned to help inform in policy makers towards an 
ecologically favorable decision (Daily et al. 2009).  
 While reconciliation ecology does provide a promising future, as shown by 
research in urban estuaries (Chapman et al. 2017), many questions still remain to be 
answered about the application of this ecological engineering on a broader scale. This 
lack of data and evidence regarding the effects of various retrofits on biodiversity is an 
area for future research. However, the present project and the positive results seen by the 
shift in dragonfly abundance and bird species richness towards the pond, does begin to 
provide supporting evidence of the effect a stormwater BMP retrofit has on biodiversity.             
This is extremely promising given the aforementioned prevalence of BMPs worldwide 
and if similar results can be reproduced on a larger scale, the potential benefits to 
biodiversity are profound.  
 Overall, I infer that the birds and dragonflies were attracted to the pond, based on 
the new water source acting as a refuge habitat (Halliday et al. 2015). I also hypothesized 
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that the pond was incorporated into the local pondscape within South Charlotte and that it 
became part of the larger blue network within Mecklenburg County and the surrounding 
region (Hill et al. 2018). This assessment of the effect on biodiversity following the 
conversion of a detention basin into a retention pond begins to fill a large void by helping 
to determine just how these and related structures are able to provide a mechanism for 
future conservation efforts within urban areas.  
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Figure 1: Study Area – South Mecklenburg High School Campus  
 
 
 
A 24.3 hectare campus located in Charlotte, North Carolina. 
Google Earth image from March 2018. (Google Earth Pro 7.3., 2019) 
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Figure 2: Detention Basin Comparison 
  
(a)        (b)       
        
 
Figure 2a:      Figure 2b:  
Original Basin Pre-2010   Compliance-Modified Basin Post-2010  
Basin outline represented by orange oval. The completion of a new building in 2010 
Google Earth image from March 2010. required the deepening and enlarging of the 
(Google Earth Pro 7.3., 2019) basin, outline represented by orange oval.    
 Google Earth image from August 2012.
 (Google Earth Pro 7.3., 2019) 
 
 
 
 
 
 
 
 
 
 
 
 
48 
Figure 3: Semi-Natural Area and Habitats 
 
 
 
The 12 ha semi-natural habitat outlined in white 
accounts for approximately half of campus.         
The aquatic buffer zone (lime green) and proposed 
pond area (blue) made up the basin.  
Google Earth image from October 2016.             
(Google Earth Pro 7.3., 2019)  
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Figure 4: Seven Defined Areas (DAs) Map 
 
 
 
The black line in each DA represented the line transect down the midline. Each colored 
line (ROYGB) represented a segment, in order from beginning to end, within each DA 
used to create plots. Each flag (A – E, in order from beginning to end) represented the 
midpoint within each plot, had the same corresponding color (RYOGB) and served as a 
stop for the point coints used to collect data on individual DA maps.  
Google Earth image from March 2019. (Google Earth Pro 7.3., 2019)  
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Figure 5: Stormwater Drainage Map  
  
 
 
The drainage map showed the path of water flow within three distinct basins. Basin 2 was 
subdivided into three smaller areas (a, b, and c). Basin 2b was the location of the detention 
basin (outlined in red) that was converted into the retention pond.  
Rendering by Little Diversified Architectural Consulting, 2010. 
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Figure 6: Detention Basin Technical Specifications  
 
 
 
The total runoff volume capacity (TRVC) of the basin was calculated by factoring in the 
square area at different elevations (red box). Rendering by Neil Preslar, 2012. 
 
 
 
52 
Table 1: Defined Area Metrics  
 
DA 
#  
of 
Stops 
Stop 
Dur. 
(min.) 
Dist. 
to A      
(m) 
Dist. b/t 
Stops 
(m) 
Transect 
Length 
(m) 
Perimeter 
(m) 
Area 
(m2) 
Shape 
1 5 4:00 17.5 35.0 175 458 7800 Triangle 
2 6 3:20 18.3 36.7 220 458 7800 Irregular Pentagon 
3 5 4:00 16.1 32.2 161 411 5800 Right Triangle 
4 5 4:00 13.0 26.0 130 383 7800 Rectangle 
5 5 4:00 13.0 26.0 130 383 7800 Rectangle 
6 5 4:00 15.0 30.0 150 366 7800 Half-circle 
7 5 4:00 13.0 26.0 130 383 7800 Rectangle 
 
All distances were calculated using Google Earth Ruler. (Google Earth Pro 7.3., 2019) 
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Figure 7: Principal’s House Rd. (DA 1) 
 
 
 
Each map was orientied in the diretion traveled down the line transect during point counts 
(black line). Colored lines (ROYGB) represented a segment, in order from beginning to 
end, indicated by a corresponding colord flag and letter (A – E) . Each flag served as a stop 
to record data onto the map. The white, outside the DA boundary, were extra spaces where 
RAs could have record additional information, as needed.  
All images created using Google Earth from March 2019. (Google Earth Pro 7.3., 2019) 
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Figure 8: Pond Arc Path (DA 2) 
 
 
 
Unique Characteristics: DA 2 had a sixth plot (pink F) due to an elongated line transect, 
which shortened the duration of each stop during point counts to 3:20 seconds to maintain 
the total survey time of 20 minutes. All map elements are described in Figure 7. 
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Figure 9: Access Road (DA 3) 
 
 
 
Unique Characteristics: DA 3 had decreased size, which shortened the duration of each 
stop during point points to 3 minutes to adjust the total survey time to 15 minutes.                 
All map elements are described in Figure 7. 
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Figure 10: Practice Football Field (DA 4)  
 
 
 
All map elements are described in Figure 7. 
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Figure 11: Game Field (DA 5) 
 
 
 
All map elements are described in Figure 7. 
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Figure 12: Baseball Field (DA 6) 
 
 
 
All map elements are described in Figure 7. 
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Figure 13: Practice Soccer Field (DA 7) 
 
 
 
All map elements are described in Figure 7. 
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Table 2: Species Category Assignments for Life History Components (LHCs) 
 
 
 
Species were assigned categories using the Audubon Guide to North American Birds             
and cross-referenced using the Cornell Lab Bird Guide with study area modifications.   
Species Name
Sp. 
Ab.
Residency 
Status
Preferred Habitat Primary Diet 
American Goldfinch AG Permanent Semi-Open/Forest Edge/Shrubs Seedeaters
American Robin AR Permanent Open Fields/Urban Seedeaters
Brown-headed Cowbird BC Permanent Open Fields/Urban Seedeaters
Blue-gray Gnatcatcher BG Summer Only Forests Insectivores
Blue Jay BJ Permanent Forests Omnivores
Brown-headed Nuthatch BN Permanent Forests Insectivores
Barn Swallow BS Summer Only Open Fields/Urban Insectivores
Brown Thrasher BT Summer Only Semi-Open/Forest Edge/Shrubs Omnivores
Black-throated Blue Warbler BW Migrant Forests Insectivores
 Crow Species (American + Fish) C Permanent Semi-Open/Forest Edge/Shrubs Omnivores
Carolina Chickadee CC Permanent Forests Insectivores
Canada Goose CG Permanent Water/Shoreline Seedeaters
Cooper's Hawk CH Permanent Forests Carnivores
Chipping Sparrow CP Permanent Semi-Open/Forest Edge/Shrubs Seedeaters
Common Grackle CR Permanent Semi-Open/Forest Edge/Shrubs Omnivores
Chimney Swift CS Summer Only Open Fields/Urban Insectivores
Carolina Wren CW Permanent Semi-Open/Forest Edge/Shrubs Insectivores
Dark-eyed Junco DJ Winter Only Forests Seedeaters
Downy Woodpecker DW Permanent Forests Insectivores
Eastern Bluebird EB Permanent Open Fields, Urban Insectivores
Eastern Kingbird EK Summer Only Open Fields, Urban Insectivores
Eastern Phoebe EP Permanent Semi-Open/Forest Edge/Shrubs Insectivores
European Starling ES Permanent Open Fields/Urban Omnivores
Eastern Towhee ET Permanent Semi-Open/Forest Edge/Shrubs Omnivores
Field Sparrow FS Permanent Semi-Open/Forest Edge/Shrubs Insectivores
Gray Catbird GC Summer Only Semi-Open/Forest Edge/Shrubs Insectivores
Great Crested Flycatcher GF Summer Only Semi-Open/Forest Edge/Shrubs Insectivores
Great Blue Heron GH Permanent Water/Shoreline Carnivores
House Finch HF Permanent Open Fields/Urban Seedeaters
House Sparrow HS Permanent Open Fields/Urban Seedeaters
House Wren HW Summer Only Semi-Open/Forest Edge/Shrubs Insectivores
Killdeer KD Permanent Open Fields/Urban Insectivores
Mallard M Permanent Water/Shoreline Omnivores
Mourning Dove MD Permanent Open Fields, Urban Seedeaters
Northern Cardinal NC Permanent Semi-Open/Forest Edge/Shrubs Seedeaters
Northern Flicker NF Permanent Semi-Open/Forest Edge/Shrubs Insectivores
Northern Mockingbird NM Permanent Open Fields/Urban Omnivores
North Rough-winged Swallow NS Summer Only Water/Shoreline Insectivores
Ovenbird OB Migrant Forests Insectivores
Pine Warbler PW Permanent Forests Insectivores
Ruby-throated Hummingbird RH Summer Only Semi-Open/Forest Edge/Shrubs Omnivores
Ruby-crowned Kinglet RK Winter Only Forests Omnivores
Rock Pigeon RP Permanent Open Fields/Urban Seedeaters
Red-shouldered Hawk RS Permanent Forests Carnivores
Red-eyed Vireo RV Summer Only Forests Insectivores
Red-bellied Woodpecker RW Permanent Forests Insectivores
Solitary Sandpiper SP Migrant Water/Shoreline Carnivores
Song Sparrow SS Permanent Semi-Open/Forest Edge/Shrubs Insectivores
Tufted Titmouse TT Permanent Forests Insectivores
White-breasted Nuthatch WN Permanent Forests Insectivores
White-throated Sparrow WS Winter Only Forests Seedeaters
Black-and-White Warbler WW Migrant Forests Insectivores
Yellow-rumped Warbler YW Winter Only Forests Seedeaters
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Figure 14: Dragonfly Abundance between Samples within Defined Areas  
 
 
 
The dragonfly abundance was the total number of individual adults counted within each 
defined area during the before sample (grey bars) and after sample (black bars). There was 
a significant difference in dragonfly abundance between samples within defined areas. 
 Chi-Squared Test of Independence: Χ2 = 135.9989; d.f. = 6; p < 0.001.  
 Residual Analysis Post Hoc: indicated by X and Y (Values in Table 3).  
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Table 3: Residual Analysis of Dragonfly Abundance within Defined Areas   
 
DA 
Observed  
Before  
Expected 
Before  
Observed 
After 
Expected 
After 
Z -Score  
1 43 49.9 52 45.1 1.5 
2 36 106.6 167 96.4 10.9* 
3 20 25.2 28 22.8 1.5 
4 122 103.9 76 94.1 -2.8** 
5 118 98.7 70 89.3 -3.1** 
6 142 115.5 78 104.5 -4.0** 
7 141 122.3 92 110.7 -2.7** 
      
Total 622 622 563 563  
 
DA 1 had significantly more dragonflies in the AS than expected (indicated by *),           
while DAs 4, 5, 6, and 7 had significantly fewer dragonflies in the AS than expected 
(indicated by **). Significant differences determined by residual analysis post hoc.  
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Figure 15: Dragonfly Abundance between Defined Areas within Samples 
 
 
 
The dragonfly abundance was the total number of individual adults counted within each 
sample between defined areas (grey scale from dark to light). There was a significant 
difference in dragonfly abundance within defined areas for the before and after sample.  
 Before Sample: Chi-Squared Goodness-of-Fit: Χ2 = 192.768; d.f. = 6; p < 0. 001 
 After Sample: Chi-Squared Goodness-of-Fit: Χ2 = 140.742; d.f. = 6; p < 0. 001 
  Bonferonni Correction Post Hoc: indicated with T – Z (Values in Tables 4a, 4b). 
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Table 4a: BC Post Hoc Analysis of Dragonfly Abundance within the Before Sample 
Principal’s 
House Rd. 
(43) 
Principal’s 
House Rd.  
(43) 
Pond 
Arc Path 
 (36) 
Access 
Rd. 
(20) 
Football 
Field  
(122) 
Game 
Field 
(118) 
Baseball 
Field 
(142) 
Pond Arc Path 
(36) 
0.620,  
0.431 
X X X X X 
Access Rd. 
(20) 
8.397, 
0.004 
4.571, 
0.033 
X X X X 
Football Field 
(122)  
37.824, 
<0.001* 
46.810, 
<0.001* 
73.268, 
<0.001* 
X X X 
Game Field 
(118) 
34.938, 
<0.001* 
43.662, 
<0.001* 
69.594, 
<0.001* 
0.067, 
0.796 
X X 
Baseball Field 
(142) 
52.978, 
<0.001* 
63.124, 
<0.001* 
91.977, 
<0.001* 
1.515, 
0.281 
2.215, 
0.137 
X 
Soccer Field 
(141) 
52.196, 
<0.001* 
62.288, 
<0.001* 
90.938, 
<0.001* 
1.373, 
0.241 
2.042, 
0.153 
0.004, 
0.953 
 
Post hoc analysis using the Bonferonni Correction (p = 0.0024) was completed on all 
combinations between defined areas. Significant results indicated by bold, asterisk (*).  
Table 4a: BC Post Hoc Analysis of Dragonfly Abundance within the After Sample  
 
 
Principal’s 
House Rd.  
(52) 
Pond Arc 
Path 
 (167) 
Access 
Rd. 
(28) 
Football 
Field  
(76) 
Game 
Field 
(70) 
Baseball 
Field 
(78) 
Principal’s 
House Rd. (52) 
X X X X X X 
Pond Arc Path 
(167) 
60.388, 
<0.001* 
X X X X X 
Access Rd. 
(28) 
7.200,  
0.007 
99.082, 
<0.001* 
X X X X 
Football Field  
(76) 
4.500,  
0.034 
34.078, 
<0.001* 
22.154, 
<0.001* 
X X X 
Game Field 
(70) 
2.656,  
0.103 
39.700, 
<0.001* 
18.000, 
<0.001* 
0.247, 
0.619 
X X 
Baseball Field 
(78) 
5.200,  
0.023 
32.331, 
<0.001* 
23.585, 
<0.001* 
0.026, 
0.872 
0.432, 
0.511 
X 
Soccer Field 
(92) 
11.11,  
<0.001* 
26.718, 
<0.001* 
34.133, 
<0.001* 
1.524, 
0.217 
2.988, 
0.084 
1.153, 
0.283 
 
Post hoc analysis using the Bonferonni Correction (p = 0.0024) was completed on all 
combinations between defined areas. Significant results indicated by bold, asterisk (*).  
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Table 5: Species Designation by Sample IDs 
 
 
 
Sample IDs designated when the birds were identified.  
Species Name Sp. Ab. Species Name Sp. Ab.
American Goldfinch AG Brown-headed Nuthatch BN 
American Robin AR Dark-eyed Junco DJ 
Brown-headed Cowbird BC Field Sparrow FS 
Blue Jay BJ Pine Warbler PW 
Barn Swallow BS Ruby-crowned Kinglet RK 
Brown Thrasher BT Rock Pigeon RP 
 Crow Species (American + Fish) C Red-eyed Vireo RV 
Carolina Chickadee CC
Canada Goose CG
Cooper's Hawk CH
Chipping Sparrow CP Species Name Sp. Ab.
Common Grackle CR Blue-gray Gnatcatcher BG
Chimney Swift CS Black-throated Blue Warbler BW
Carolina Wren CW Eastern Kingbird EK
Downy Woodpecker DW Great Blue Heron GH
Eastern Bluebird EB Mallard M
Eastern Phoebe EP Northern Flicker NF
European Starling ES Ruby-throated Hummingbird RH
Eastern Towhee ET Solitary Sandpiper SP
Gray Catbird GC White-breasted Nuthatch WN
Great Crested Flycatcher GF Black-and-White Warbler WW
House Finch HF
House Sparrow HS
House Wren HW
Killdeer KD
Mourning Dove MD
Northern Cardinal NC
Northern Mockingbird NM
North Rough-winged Swallow NS
Ovenbird OB
Red-shouldered Hawk RS
Red-bellied Woodpecker RW 
Song Sparrow SS
Tufted Titmouse TT
White-throated Sparrow WS
Yellow-rumped Warbler YW
Repeat Samples (RS) Species Before-Only Sample (BOS) Species 
After-Only Sample (AOS) Species 
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Figure 16: Species Richness between Samples within Defined Areas  
 
 
 
The species richness was the number of different individual species identified within each 
defined area during the before sample (grey bars) and after sample (black bars). There was 
not a significant difference in species richness between samples within defined areas.  
 Chi-Squared Test of Independence: Χ2 = 4.073; d.f. = 6; p = 0.667. 
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Figure 17: Before Sample Bird Species Richness 
 
 
 
The sample total (dark grey solid line) was the cumulative number of different individual 
species identified as session progressed. The overall species richness of the before sample 
was 43. New species (black bars) were those identified within that session and had not yet 
been identified during the sample. Repeat species (light grey bars) were those identified 
within that session and had been identified during a previous session. The session total 
(black dashed line) was the sum of the new and repeated species.  
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Figure 18: After Sample Bird Species Richness  
 
 
  
The sample total (dark grey solid line) was the cumulative number of different individual 
species identified as session progressed. The overall species richness of the after sample 
was 46. New species (black bars) were those identified within that session and had not yet 
been identified during the sample. Repeat species (light grey bars) were those identified 
within that session and had been identified during a previous session. The session total 
(black dashed line) was the sum of the new and repeated species.  
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Figure 19: Species Richness between Defined Areas within Samples 
 
 
 
The species richness was the number of different individual species identified within each 
sample between defined areas (grey scale from dark to light). There was a significant 
difference in species richness for the after sample but not the before sample.  
 Before Sample: Chi-Squared Goodness-of-Fit: Χ2 = 12.260; d.f. = 6; p = 0.081.  
 After Sample: Chi-Squared Goodness-of-Fit: Χ2 = 19.281; d.f. = 6; p = 0.004. 
 Bonferonni Correction Post Hoc: indicated with X – Z (Values in Table 6).  
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Table 6: Residual Analysis Species Richness between DAs within the After Sample 
 
 
Principal’s 
House Rd.  
(30) 
Pond Arc 
Path 
 (31) 
Access 
Rd. 
(19) 
Football 
Field  
(14) 
Game 
Field 
(10) 
Baseball 
Field 
(20) 
Principal’s 
House Rd. (30) 
X X X X X X 
Pond Arc Path 
(31) 
0.016, 
0.898 
X X X X X 
Access Rd. 
(19) 
2.469, 
0.116 
2.888, 
0.090 
X X X X 
Football Field  
(14) 
5.818, 
0.016 
6.422, 
0.011 
0.758, 
0.384 
X X X 
Game Field 
(10) 
10.000, 
0.002* 
10.756, 
0.010* 
2.793, 
0.095 
0.667, 
0.414 
X X 
Baseball Field 
(20) 
2.000, 
0.157 
2.373, 
0.123 
0.026, 
0.873 
1.059, 
0.303 
3.333, 
0.068 
X 
Soccer Field 
(15) 
5.000, 
0.025 
5.565, 
0.018 
0.471, 
0.493 
0.034, 
0.853 
1.000, 
0.317 
0.714, 
0.398 
 
Post hoc analysis using the Bonferonni Correction (p = 0.0024) was completed on all 
combinations between defined areas. Significant results indicated by bold, asterisk (*).  
 
 
 
 
 
 
 
 
 
 
 
71 
Table 7: Species Richness between Sample IDs based on Residency Status 
 
Residency 
Status 
Before-Only 
Sample  
Repeat 
Samples 
After-Only 
Sample (AOS) 
Residency 
Status Totals 
Permanent 4 26 4 34 
Summer-Only 1 7 3 11 
Winter-Only 2 2 0 4 
Migrant 0 1 3 4 
     
Sample ID 
Totals 
7 36 10 53 
 
There was a significant difference in species richness between sample IDs based on 
residency status. Fisher-Freeman-Halton Test (FFHT) exact p = 0.038.  
However, post hoc analyses did not reveal any significant differences between residency 
statuses and sample IDs. Bonferonni Correction Post Hoc: FFHT exact p > 0.008 for all.  
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Table 8: Species Richness between Sample IDs based on Habitat Preference  
 
Habitat 
Preference 
Before-Only 
Sample  
Repeat 
Samples  
After-Only 
Sample  
Habitat 
Preference 
Totals 
Forest 5 10 4 19 
Open Fields/ 
Urban 
1 11 1 13 
Semi-Open/                       
Forest Edge/ 
Shrubs 
1 13 2 16 
Water/     
Shoreline 
0 2 3 5 
     
Sample ID 
Totals 
7 36 10 53 
 
There was no significant difference in species richness between sample IDs based on 
habitat preference. Fisher-Freeman-Halton Test (FFHT) exact p = 0.014.  
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Table 9: Species Richness between Sample IDs based on Primary Diet  
 
Primary  
Diet 
Before- Only 
Sample 
Repeat 
Samples  
After-Only 
Sample 
Primary Diet  
Totals 
Seedeaters 2 11 0 13 
Omnivores 1 7 2 10 
Insectivores 4 16 6 26 
Carnivores 0 2 2 4 
     
Sample ID 
Totals 
7 36 10 53 
 
There was no significant difference in species richness between sample IDs based on 
primary diet. Fisher-Freeman-Halton Test (FFHT) exact p = 0.331.  
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Table 10: Species Richness between Sample IDs based on LHC within DAs 
 
 a) Primary Diet within the Access Rd. (DA 3)  
 
Primary 
Diet 
Before Only 
Sample Species 
Repeat Sample 
Species 
After Only 
Sample Species 
Primary 
Diet Totals 
Seedeaters 6 5 0 11 
Omnivores 3 3 1 7 
Insectivores 0 5 5 10 
Carnivores 1 0 0 1 
     
Sample ID 
Totals 
10 13 6 29 
 
There was a significant difference in species richness between sample IDs based on 
primary diet. Fisher-Freeman-Halton Test (FFHT) exact p = 0.011.  
Post hoc analyses revealed as significantly higher species richness of seedeaters compared 
to insectivores within before-only sample species and significantly higher species richness 
of insectivores compared to seedeaters within after-only sample species.  
 b) Post Hoc Analysis of Primary Diet within DA 3  
 
Primary 
Diet 
Before Only 
Sample Species 
Repeat Sample 
Species 
After Only 
Sample Species 
Primary 
Diet Totals 
Seedeaters 6 5 0 11 
Insectivores 0 5 5 10 
     
Sample ID 
Totals 
10 13 6 29 
 
Bonferonni Correction FFHT exact p = 0.002. 
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Table 10: Species Richness between Sample IDs based on LHC within DAs 
 
 c) Habitat Preference within the Baseball Field (DA 6)  
 
Habitat 
Preference 
Before Only 
Sample Species 
Repeat Sample 
Species 
After Only 
Sample Species 
Habitat 
Preference 
Totals 
Forest 1 0 0 1 
Open Fields/ 
Urban 
0 9 0 9 
Semi-Open/                       
Forest Edge/ 
Shrubs 
0 4 5 9 
Water/     
Shoreline 
0 1 1 2 
     
Sample ID 
Totals 
1 14 6 21 
 
There was a significant difference in species richness between sample IDs based on 
primary diet. Fisher-Freeman-Halton Test (FFHT) exact p = 0.004. 
However, post hoc analyses did not reveal any significant differences between residency 
statuses and sample IDs. Bonferonni Correction Post Hoc: FFHT exact p > 0.008 for all.  
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Table 10: Species Richness between Sample IDs based on LHC within DAs 
 
 d) Habitat Preference within the Pond Arc Path (DA 2)  
 
Habitat 
Preference 
Before Only 
Sample Species 
Repeat Sample 
Species 
After Only 
Sample Species 
Habitat 
Preference 
Totals 
Forest 4 1 5 10 
Open 
Fields/ 
Urban 
1 7 3 11 
Semi-Open/                       
Forest 
Edge/ 
Shrubs 
1 10 3 14 
Water/     
Shoreline 
0 0 2 2 
     
Sample ID 
Totals 
6 18 13 37 
 
There was a significant difference in species richness between sample IDs based on 
habitat preference. Fisher-Freeman-Halton Test (FFHT) exact p = 0.015. 
However, post hoc analyses did not reveal any significant differences between residency 
statuses and sample IDs. Bonferonni Correction Post Hoc: FFHT exact p > 0.008 for all.  
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Table 10: Species Richness between Sample IDs based on LHC within DAs 
 
 e) Primary Diet within the Pond Arc Path (DA 2)  
 
Primary 
Diet 
Before Only 
Sample Species 
Repeat Sample 
Species 
After Only 
Sample Species 
Primary 
Diet Totals 
Seedeaters 1 8 0 9 
Omnivores 3 2 3 8 
Insectivores 2 7 10 19 
Carnivores 0 1 0 1 
     
Sample ID 
Totals 
6 18 13 37 
 
There was a significant difference in species richness between sample IDs base on 
primary diet. Fisher-Freeman-Halton Test (FFHT) exact p = 0.032. 
Post hoc analyses revealed as significantly higher species richness of seedeaters compared 
to insectivores within BOS species and significantly higher species richness of insectivores 
compared to seedeaters within AOS species. BC FFHT exact p = 0.002.  
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APPENDIX A: Aquatic Plants and Wildflower Seeds Species Lists 
 
Aquatic Plants 
Common Name Scientific Name Est. # of Plants 
Grassy-leaved sweet flag Acorus ogon 10 
Water Iris Iris laevigata 8 
American white water-lily Nymphaea Odorata 6 
Pickerel rush Pontederia cordata 4 
Bog lily Crinum americanum 2 
Umbrella palm Cyperus involucratus 1 
 
Listed in order by estimated number of plants; actual number not recorded during the 
incorporation into the pond on May 24, 2019. 
 
 North Carolina Blend Wildflower Seeds 
Common Name Scientific Name % of Blend 
Purple Coneflower Echinacea purpurea 15.88 % 
Lance Leaved Coreopsis Coreopsis lanceolata 11.90 % 
Annual Baby’s Breath Gypsophila elegans 11.90 % 
Scarlet Flax Linum grandiflorum rubrum 11.90 % 
‘Bright Lights’ Sulphur Cosmos Cosmos sulphureus 7.93 % 
Perennial Lupine Lupinus perennis 7.93 % 
Formula mix Four-O’clock Mirabillis jalapa 7.93 % 
Scarlet Sage Salvia coccinea 7.93 % 
Tree Mallow Lavatera trimetris 5.95 % 
Indian Blanket Gaillardia pulchella 3.97 % 
Gaura Gaura lindheimeri 1.98 % 
Clasping Coneflower Rudbeckia amplexicaulis 1.98 % 
Black-Eyed Susan Rudbeckia hirta 1.31 % 
Plains Coreopsis Coreopsis tinctoria 0.99 % 
New England Aster Aster novea-angliae 0.52 % 
   
Pure Seed Total  99.10 % 
 
Listed in order of percentage of blend from most to least.  
A quantity of 0.45 k was dispersed around the embankment of the pond on May 24, 2019.  
Other components: Inert Matter (0.87%) and Weed Seed (0.03%)  
Germination Expectancy 82 +/- 5%  
Supplier: Urban Farmers LLC. Westfield, IN 
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APPENDIX B: Defined Area (DA) Names and Boundary Descriptions 
 
Principal’s House Road (DA 1)         * Widens as it progresses *  
 
Start at bamboo pole with 3 pieces of organge flagging tape  
 
Left: includes all trees leading up to the residential fences  
 
 Right: Bamboo poles with 4 pieces orange flagging tape (~ 15 m apart)   
 
  - To get to D = continue around the brush pile (D = green flag)   
                   directly past brush  
 
End: includes all trees leading up to the residential fences  
 
 
Pond Arc Path (DA 2) 
         * Straight path through A until single orange flag stake,  
               turn left to follow arc, straight to end * 
  
 Start at the metal gate entrance next to telephone pole with trail cam 
 
Left: metal fence extended along access road running parallel with baseball field  
 
 Lower Right: includes all trees leading up to the residential fences  
 
 Upper  Right: Bamboo poles with 4 pieces orange flagging tape (~ 15 m apart)   
 
 B: Left ½ of the first big tree in DA #2; right branches part of DA 1  
o All additional trees near path are part of DA 2  
 
C, D, E: Boundaries are same as earlier, extend line from fence (path is the edge)  
 
E: All trees are within DA 1 on the left edge  
 
F: 1st spruce tree on left within boudnary, the group of spruce trees past it are out  
 
End Boundary: bamboo pole with 3 pieces of orange flagging   
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APPENDIX B: Defined Area (DA) Boundary Descriptions (continued)  
 
Access Road (DA 3)        * Narrows as it progresses *   
 
Start at bamboo pole with 3 pieces of organge flagging tape  
 
Left: includes all trees leading up to the residential fences  
 
Right: edge of the home stands, starting at the light pole  
 
A: widest point, all the way into the woods and to the stands  
 
 - Cross access road to get to C 
 
D: edge of boundary crosses the visitor concession up to the top of the V in roof      
     (seen from E) and continues to the corner intersection of fence and    
     maintenance building  
 
- From D to E: continue through the gate  
 
End: extends past corner and into the woods between telephone pole (left)  
          and maintenance building on the right  
 
 
Practice Football Field (DA 4)                   * Rectangle * 
 
Start at bamboo pole with 3 pieces of orange flagging tape  
 
 Left & Right: bamboo poles with 4 pieces orange flagging tape in all 4 corners  
  
 End: includes the first row of trees directly past the fence 
 
 
Game Field (DA 5)                      * Rectangle * 
 
 Beginning: start of the arc on track, line extended from back of field goal post  
 
 Start just behind the goal post near the high jump mat   
 
Left and Right: near edge of track and bamboo poles with 4 pieces orange   
     flagging tape in all 4 corners 
 
End: extends farther past goal posts, with corners onto track on both sides  
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APPENDIX B: Defined Area (DA) Boundary Descriptions (continued) 
 
Baseball Field (DA 6)                    * Half – Circle *  
 
Start at bamboo pole with 3 pieces of orange flagging (corner of warning track)  
 
Right: traces the outfield fence to include the light post, all trees directly behind   
  - Includes the scoreboard, small shed but does NOT include the large barn 
 
Left: from fence, running parallel with the edge of infield to gutter of building;   
 - Look for bamboo poles with 4 pieces orange flagging tape  
 
Practice Soccer Field (DA 7)         * Rectangle * 
 
Start at bamboo pole with 3 pieces of orange flagging tape  
 
Right: metal fence extended to bamboo pole with 4 pieces orange flagging tape 
 
 Left: from closest bamboo pole with 4 pieces orange flagging tape to far one  
 
End: includes the group of trees and ends prior to the softball outfield fence  
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APPENDIX C: Complete List of Research Assistants  
 
Name Sample Bioindicator  Name Sample Bioindicator 
Aiden Before Dragonflies  Kenneth Before Birds 
Alex After Birds  Laney Before Dragonflies 
Amy** After Birds  Laura Before Dragonflies 
Andrew After Dragonflies  Lauren After Birds 
Anna Before Dragonflies  Lillie-Anne After Dragonflies 
Austin Before Dragonflies  Logan Before Dragonflies 
Bethlehem After Birds  Lucas Before Dragonflies 
Chris** After Birds  Lucas* After Birds 
Cienna Before Birds  Luke Before Dragonflies 
Cole After Dragonflies  Luke* After Dragonflies 
Courtney After Birds  Madi Before Birds 
Cozette After Dragonflies  Max After Dragonflies 
Dearra After Dragonflies  Max After Birds 
Deborah After Dragonflies  Mike** After Birds 
Dylan After Dragonflies  Miller Before Dragonflies 
Elizabeth After Birds  Nadia After Birds 
Ella After Dragonflies  Nick Sr.** Before Birds 
Ellie After Birds  Olivia After Dragonflies 
Emma-Grace Before Dragonflies  Olivia Before Birds 
Emma-Grace * After Birds  Parker After Dragonflies 
Emory After Dragonflies  Patrick Before Birds 
Grayson After Dragonflies  Rachel After Birds 
Gwen** Before Birds  Sallie-Reid After Birds 
Hank After Dragonflies  Sam After Birds 
Hannah Before Birds  Sara Before Dragonflies 
Hannah After Dragonflies  Sara* After Birds 
Ian After Dragonflies  Sarah After Birds 
Iranova After Birds  Sarah* After Dragonflies 
Jack** After Birds  Sarah-Catherine Before Dragonflies 
Jaclyn After Dragonflies  Sarah-Catherine* After Birds 
Jahiem After Dragonflies  Seth Before Birds 
Jennifer After Dragonflies  Sydney Before Dragonflies 
Jordan Before Birds  Tatiana After Dragonflies 
Jordan After Birds  Thor After Dragonflies 
Julie Before Dragonflies  Tina After Birds 
Kaitlyn** Before Birds  William After Dragonflies 
Katelynn After Dragonflies  Zach After Dragonflies 
Katherine After Dragonflies  Zara After Birds 
Katie Before Dragonflies  Zara* After Dragonflies 
Kendall Before Birds  
 
* Denotes the same RA for another bioindicator or sample. 
** Denotes a none high school RA 
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APPENDIX D: Before Dragonfly Sample Schedule              
 
Session 1 – T 6/6/18  Session 2 – T 6/12/18 
 
Round 
A 
Round 
B 
Round 
C   
Round 
A 
Round 
B 
Round 
C 
Team 1 5 4   Team 1 6 7 5 
Team 2 3 1 2  Team 2 1 2  
Team 3 7 6   Team 3 3 4  
         
         
Session 3 – W 6/27/18*  Session 4 – R 7/5/18** 
 
Round 
A 
Round 
B 
Round 
C   
Round 
A 
Round 
B 
Round 
C 
Team 1 2 1   Team 1 2 1 3 
Team 2 7 6 5  Team 2 6 5 4, 7 
Team 3         
         
         
Session 5 – W 7/11/18  Session 6 – W 7/18/18 
 
Round 
A 
Round 
B 
Round 
C   
Round 
A 
Round 
B 
Round 
C 
Team 1 1 2 6  Team 1 6 2 2 
Team 2 4 3   Team 2 3 4  
Team 3 5 7   Team 3 7 5  
         
          
Session 7 – W 7/25/18  Session 8 – W 8/1/18 
 
Round 
A 
Round 
B 
Round 
C   
Round 
A 
Round 
B 
Round 
C 
Team 1 1 6   Team 1 6 1  
Team 2 4 3   Team 2 3 5 4 
Team 3 5 2 7  Team 3 2 7  
 
* Denotes a 2-week interval between sessions, original Session 3 (T 6/18/19 was missed) 
** Denotes only two teams were used which required a fourth round (D). 
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APPENDIX E: After Dragonfly Sample Schedule              
Session 1 – F 6/14/19  Session 2 – F 6/21/19 
 
Round 
A 
Round 
B 
Round 
C   
Round 
A 
Round 
B 
Round 
C 
Team 1 5 4    Team 1 6 7 5 
Team 2 3 1 2  Team 2 1 2   
Team 3 7 6    Team 3 3 4   
         
         
Session 3 – F 6/28/19  Session 4 – F 7/12/19 
 
Round 
A 
Round 
B 
Round 
C   
Round 
A 
Round 
B 
Round 
C 
Team 1 2 1    Team 1 2 7  
Team 2 4 3   Team 2 6 5 3 
Team 3 7 6  5  Team 3 1 4  
         
         
Session 5 – F 7/19/19  Session 6 – F 7/26/19 
 
Round 
A 
Round 
B 
Round 
C   
Round 
A 
Round 
B 
Round 
C 
Team 1 1 2 6  Team 1 6 2 1 
Team 2 4 3   Team 2 3 4  
Team 3 5 7   Team 3 7 5  
         
          
Session 7 – F 8/2//19  Session 8 – F 8/9/19 
 
Round 
A 
Round 
B 
Round 
C   
Round 
A 
Round 
B 
Round 
C 
Team 1 1 6   Team 1 6 1  
Team 2 4 3   Team 2 3 5 4 
Team 3 5 2 7  Team 3 2 7  
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APPENDIX F: Dragonfly Samples Defined Areas Round Frequencies    
 
Before Sample  
 
DA 
Round 
A 
Round 
B 
Round 
C 
1 3 4 1 
2 3 4 1 
3 3 3 1 
4 3 3 2 
5 3 3 2 
6 4 3 1 
7 3 3 2 
    
Average 3.14 3.29 1.43 
 
After Sample 
 
DA 
Round 
A 
Round 
B 
Round 
C 
1 4 3 1 
2 3 4 1 
3 4 3 1 
4 3 4 1 
5 3 3 2 
6 4 3 1 
7 3 4 1 
    
Average 3.43 3.43 1.14 
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APPENDIX G: Dragonfly Plot Circuit Description 
 
 
Runner 1: Upper Third  
1. Start on the top of the upper third start, in the left corner facing the right edge.   
2. Walk along the top of the upper third to the right edge.                                    
Make a right turn to face the lower boundary of the plot. 
3. Walk along the right edge to the bottom of the upper third.                                   
Make a right turn to face the left edge.  
4. Walk along the bottom of the upper third to the left edge.                                    
Make a right turn to face the upper boundary of the plot.  
5. Walk along the left edge until the top of the upper third.        
 Make a final right turn to face the right edge. One circuit is complete.                                                       
6. Repeat the same path for the duration of the time in the plot.  
Runner 2: Middle Third 
1. Start on the top of the middle third, in the middle (lengthwise)   
 facing the right edge.  
2. Walk along the top of the middle third to the right edge.                                          
Make a right turn to face the lower boundary of the plot. 
3. Walk along the right edge to the bottom of the middle third.                                    
Make a right turn to face the left edge.  
4. Walk along the bottom of the middle third to the left edge.                                      
Make a right turn to face the upper boundary of the plot. 
5. Walk along the left edge until the top of the middle third.                                   
Make a final right turn to face the right edge.   
6. Walk along the top of middle third. One circuit is complete halfway across. 
7. Repeat the same path for the duration of the time in the plot.  
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APPENDIX G: Dragonfly Plot Circuit Description (continued) 
 
 
Runner 3: Lower Third  
1. Start on the bottom of the lower third, in the right corner    
 and facing the left edge.   
2. Walk on the bottom of the lower third to the left edge.  
Make a right turn to face the upper boundary of the plot.  
3. Walk along the left edge to the top of the lower third.  
Make a right turn to right edge.  
4. Walk along the top of the lower third to the right edge.   
Make a right turn to face the lower boundary of the plot.  
5. Walk along the right edge until the bottom of the lower third.            
  Make a final right turn to face the left edge. One circuit is complete. 
6. Repeat the same path for the duration of the time in the plot.  
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APPENDIX H1: Before Bird Sample Session Schedule  
 
 
 
 
 APPENDIX H2: Before Bird Sample  APPENDIX H3: Before Bird Sample 
 
    Defined Area Round Frequencies    Defined Area Expert Frequencies 
 
             
 
 
Expert Round A Round B Round C Expert Round A Round B Round C
Ken 1 5 Ken 6 3 4
Jim P. 2 6 7 Matt* (Jim P. sub) 7 1
Jim G. 3 4 Jim G. 5 2
Expert Round A Round B Round C Expert Round A Round B Round C
Ken 2 6 Ken 7 4
Jim P. 4 5 3 Jim P. 5 3
Jim G. 1 7 Jim G. 6 1 2
Expert Round A Round B Round C Expert Round A Round B Round C
Ken 1 7 Ken 2 3
Jim P. 4 2 Jim P. 5 1 6
Jim G. 3 6 5 Phil* (Jim G. sub) 7 4
Expert Round A Round B Round C Expert Round A Round B Round C
Ken 4 5 1 Ken 2 6 7**
Jim P. 6 7 Jim P. 1 3
Jim G. 3 2 Jim G. 5 4
Session 7 -T  6/26/18 Session 8 - T 7/10/18
Session 1 - T 4/3/18 Session 2 - W 4/18/18
Session 3 - T 5/1/18 Session 4 - W 5/16/18
Session 5 - T 5/29/18 Session 6 - T 6/12/18
DA Round A Round B Round C
1 4 2 2
2 3 4 1
3 4 3 1
4 3 4 1
5 4 3 1
6 3 5 0
7 3 3 1
Average 3.43 3.43 1.00
DA Jim G. Jim P. Ken
1 2 3 3
2 4 2 2
3 4 3 1
4 2 2 4
5 3 3 2
6 2 3 3
7 1 2 4
Average 2.57 2.57 2.71
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APPENDIX I1: After Bird Sample Session Schedule  
 
 
 
 
   APPENDIX I2: After Bird Sample           APPENDIX I3: After Bird Sample 
 
   Defined Areas Round Frequencies      Defined Areas Expert Frequencies 
 
    
 
 
 
 
 
 
 
Expert Round A Round B Round C Expert Round A Round B Round C
Ken 1 5 Ken 6 3 4
Jim P. 2 6 7 Jim P. 7 1
Jim G. 3 4 Jim G. 5 2
Expert Round A Round B Round C Expert Round A Round B Round C
Ken 2 6 Ken 7 4
Jim P. 4 5 3 Jim P. 5 3
Jim G. 1 7 Jim G. 6 1 2
Expert Round A Round B Round C Round D Expert Round A Round B Round C Round D
Ken 1 3 7 5 Ken 2 3
Jim P. 4 2 6 Ron * (Jim P. sub) 5 1 3 6
Jim G. 3 6 Jim G. 7 2 4
Expert Round A Round B Round C Expert Round A Round B Round C
Ken 4 5 1 Ken 2 6
Jim P. 6 7 Ron* (Jim P. sub) 1 3
Jim G. 3 2 Jim G. 5 4 7
Survey 8 - 7/19/19Survey 7 - F 7/12/19
Survey  1 - W 4/17/19 Survey 2 - F 4/26/19
Survey 3 - F 5/10/19 Survey 4 - F 5/24/19
Survey 5 - F 6/14/19 Survey 6 - F 6/28/19
DA Round A Round B Round C
1 4 3 1
2 3 4 1
3 2 4 2
4 3 4 1
5 4 3 1
6 3 3 2
7 3 2 3
Average 3.14 3.29 1.57
DA Jim G. Jim P. Ken
1 2 3 3
2 4 2 2
3 2 4 2
4 3 2 3
5 2 3 3
6 1 4 3
7 2 3 3
Average 2.29 3.00 2.71
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Appendix J: Individual Species Two-Letter Coding System  
 
Species Name Ab.  Species Name Ab. 
American Goldfinch AG  Golden-crowned Kinglet GK 
American Kestrel AK  House Finch HF 
American Robin AR  House Sparrow HS 
Brown-headed Cowbird BC  House Wren HW 
Blue-gray Gnatcatcher BG  Killdeer KD 
Blue Jay BJ  Mallard M 
Brown-headed Nuthatch BN  Mourning Dove MD 
Barn Swallow BS  Northern Cardinal NC 
Brown Thrasher BT  Northern Flicker NF 
Black Vulture BV  Northern Mockingbird NM 
Black-throated Blue Warbler BW  Northern Parula NP 
Crow Species C  Northern Rough-winged Swallow NS 
Cedar Waxwing* CA*  Ovenbird OB 
Carolina Chickadee CC  Pine Warbler PW 
Canada Goose CG  Purple Martin PM 
Cooper’s Hawk CH  Red-winged Blackbird RB 
Chipping Sparrow* CP*  Ruby-throated Hummingbird RH 
Common Grackle CR*  Ruby-crowned Kinglet RK 
Chimney Swift CS  Rock Pigeon RP 
Carolina Wren CW  Red-shouldered Hawk RS 
Dark-eyed Junco DJ  Red-tailed Hawk RT 
Downy Woodpecker DW  Red-eyed Vireo RV 
Eastern Bluebird EB  Red-bellied Woodpecker RW 
Eastern Catbird EC  Solitary Sandpiper** SP** 
Eastern Kingbird EK  Song Sparrow SS 
Eastern Phoebe EP  Tufted Titmouse TT 
European Starling ES  Turkey Vulture TV 
Eastern Towhee ET  White-breasted Nuthatch WN 
Field Sparrow FS  White-throated Sparrow WS 
Gray Catbird GC  Black & White Warbler WW 
Great Crested Flycatcher GF  Yellow-bellied Sapsucker YS 
Great Blue Heron GH  Yellow-rumped Warbler YW 
 Bold indicated where a letter for the code was derived from if more than 2 parts of 
the name existed or if other options had to be considered to avoid repeating the same code.     
* Derived using 2nd letter of 2nd word                        ** Derived using 2 letters of 2nd word 
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APPENDIX K: Combinations of Life History Components and Defined Areas  
     
 
 
In total 42 individual FFHTs were completed: 21 for species richness between sample ID 
based on each of the three LHCS within each of the seven DAs and 21 for species richness 
between samples based on each of the three LHCS within each of the seven DAs.  
DA 1 DA 1 DA 1
B Both A B A B Both A B A B Both A B A
Res 1 7 18 4 1 25 22 Hab 1 5 7 2 1 12 9 Diet 1 3 7 1 1 10 8
2 0 3 3 2 3 6 2 3 6 1 2 9 7 2 1 5 3 2 6 8
3 1 2 0 3 3 2 3 1 9 4 3 10 13 3 4 10 3 3 14 13
4 1 0 0 4 1 0 4 0 1 0 4 1 1 4 1 1 0 4 2 1
39 39 39
9 23 7 32 30 9 23 7 32 30 9 23 7 32 30
DA 2 DA 2 DA 2
B Both A B A B Both A Tot. B A B Both A B A
Res 1 4 15 7 1 19 22 Hab 1 4 1 5 10 1 5 6 Diet 1 1 8 0 1 9 8
2 1 2 3 2 3 5 2 1 7 3 11 2 8 10 2 3 2 3 2 5 5
3 1 0 0 3 1 0 3 1 10 3 14 3 11 13 3 2 7 10 3 9 17
4 0 1 3 4 1 4 4 0 0 2 2 4 0 2 4 0 1 0 4 1 1
37 37 37
6 18 13 24 31 6 18 13 37 24 31 6 18 13 24 31
DA 3 DA 3 DA 3
B Both A B A B Both A B A B Both A B A
Res 1 8 11 3 1 19 14 Hab 1 4 1 3 1 5 4 Diet 1 6 5 0 1 11 5
2 0 1 3 2 1 4 2 1 5 2 2 6 7 2 3 3 1 2 6 4
3 2 1 0 3 3 1 3 4 7 1 3 11 8 3 0 5 5 3 5 10
4 0 0 0 4 0 0 4 1 0 0 4 1 0 4 1 0 0 4 1 0
29 29 29
10 13 6 23 19 10 13 6 23 19 10 13 6 23 19
DA 4 DA 4 DA 4
B Both A B A B Both A B A B Both A B A
Res 1 6 10 2 1 16 12 Hab 1 3 1 2 1 4 3 Diet 1 3 5 1 1 8 6
2 3 0 1 2 3 1 2 5 5 0 2 10 5 2 3 2 0 2 5 2
3 2 0 1 3 2 1 3 2 3 1 3 5 4 3 5 2 1 3 7 3
4 0 0 0 4 0 0 4 1 1 1 4 2 2 4 0 1 2 4 1 3
25 25 25
11 10 4 21 14 11 10 4 21 14 11 10 4 21 14
DA 5 DA 5 DA 5
B Both A B A B Both A B A B Both A B A
Res 1 3 9 0 1 12 9 Hab 1 0 0 0 1 0 0 Diet 1 2 4 0 1 6 4
2 1 1 0 2 2 1 2 2 7 0 2 9 7 2 1 3 0 2 4 3
3 0 0 0 3 0 0 3 1 3 0 3 4 3 3 1 3 0 3 4 3
4 0 0 0 4 0 0 4 1 0 0 4 1 0 4 0 0 0 4 0 0
14 14 14
4 10 0 14 10 4 10 0 14 10 4 10 0 14 10
DA 6 DA 6 DA 6
B Both A B A B Both A B A B Both A B A
Res 1 1 13 3 1 14 16 Hab 1 1 0 0 1 1 0 Diet 1 7 18 4 1 25 22
2 0 1 3 2 1 4 2 0 9 0 2 9 9 2 1 3 3 2 4 6
3 0 0 0 3 0 0 3 0 4 5 3 4 9 3 1 2 0 3 3 2
4 0 0 0 4 0 0 4 0 1 1 4 1 2 4 0 0 0 4 0 0
21 21 39
1 14 6 15 20 1 14 6 15 20 9 23 7 32 30
DA 7 DA 7 DA 7
B Both A B A B Both A B A B Both A B A
Res 1 5 10 2 1 15 12 Hab 1 2 0 0 1 2 0 Diet 1 4 4 1 1 8 5
2 0 1 2 2 1 3 2 2 7 1 2 9 8 2 1 3 2 2 4 5
3 1 0 0 3 1 0 3 2 4 3 3 6 7 3 0 4 1 3 4 5
4 0 0 0 4 0 0 4 0 0 0 4 0 0 4 1 0 0 4 1 0
21 21 21
6 11 4 17 15 6 11 4 17 15 6 11 4 17 15
Sample ID Sample Sample ID Sample Sample ID Sample
Sample ID Sample Sample ID Sample Sample ID Sample
Sample ID Sample Sample ID Sample Sample ID Sample
Sample ID Sample Sample ID Sample Sample ID Sample
Sample ID Sample Sample ID Sample Sample ID Sample
Sample ID Sample Sample ID Sample Sample ID Sample
Sample ID Sample Sample ID Sample Sample ID Sample
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The first two names under each team (in green) were designated the captain and assistant 
captain based on their ability to be at the most sessions. The yellow highlights were dates 
that RAs said they were unavailable prior to the sample starting. Based on that information, 
the schedule with initials (right side) was created. Substitute RAs were assigned as well.  
First Count Max Avail.
S1: F 
6/7
S2: F 
6/14
S3: F 
6/21
S4: F 
6/28
S5: M 
7/8
S6: F 
7/12
S7: F 
7/19
S8: F 
7/26
S1: F 
6/14
S2: F   
6/21
S3: F 
6/28
S4: F 
7/12
S5: F 
7/19
S6: F 
7/26
S7: F   
8/2
S8: M 
8/9
Sarah 5 6 8 x x x x x x x x SB X SB SB X SB SB x
Max 5 5 7 x x x x x x x ME ME ME X ME ME x
Jennifer 5 6 7 x x x x x x x X JW JW X JW x JW
Katelynn 5 6 7 x x x x x x x KT KT S-2 KT KT KT KT
Thor 5 6 6 x x x x x x TI TI TI TI S-1 x x
Zara 6 6 6 x x x x x x ZK ZK ZK ZK ZK x
Jaclyn 4 4 5 x x x x x X JF JF JF x x
Grayson 2 5 5 x x x x x GS S-1 S-1 S-2 x GS
Dylan 2 4 4 x x x x x S-1 DS S-2 DS x x
Total = 9 6 6 7 6 7 8 9 7
Dearra    
= 5
n = 5 n = 5 n = 5 n = 5 n = 5 n = n = 
7.00 subs f/ T2 s = 1 s = 2 s = 2 s = 2 s = s = 
First Count Max Avail.
S1: F 
6/7
S2: F 
6/14
S3: F 
6/21
S4: F 
6/28
S5: M 
7/8
S6: F 
7/12
S7: F 
7/19
S8: F 
7/26
S1: F 
6/14
S2: F   
6/21
S3: F 
6/28
S4: F 
7/12
S5: F 
7/19
S6: F 
7/26
S7: F   
8/2
S8: M 
8/9
Tatiana 5 7 8 x x x x x x x x TM S-2 TM TM S-2 TM TM TM
Andrew 5 6 7 x x x x x x x AC AC AC X AC x x
Olivia 6 7 7 x x x x x x x OH OH OH X OH x x
Deborah 5 6 6 x x x x x x DW S-1 DW DW DW DW
Zach 2 5 6 x x x x x x X S-1 ZC ZC S-1 S-1 ZC ZC
Cole 3 4 5 x x x x x X CM CM CM x
William 4 5 5 x x x x x WB WB WB WB x x
Hannah 4 4 5 x x x x x HB w/ 3 HB HB HB x
Emory 3 3 3 x x x x EB EB EM x
Gabrielle 4 6 6 GM GM S-1 GM S-2 GM x
Total = 10 7 7 6 6 7 7 7 6 n = 5 n = 5 n = 5 n = 5 n = 5 n = 5 n = n = 
6.63 s = 2 s = 1 s = 2 s = 2 s = s = 
First Count Max Avail.
S1: F 
6/7
S2: F 
6/14
S3: F 
6/21
S4: F 
6/28
S5: M 
7/8
S6: F 
7/12
S7: F 
7/19
S8: F 
7/26
S1: F 
6/14
S2: F   
6/21
S3: F 
6/28
S4: F 
7/12
S5: F 
7/19
S6: F 
7/26
S7: F   
8/2
S8: M 
8/9
Cozette 6 6 8 x x x x x x x x CO CO CO CO X CO CO CO
Dearra 5 7 7 x x x x x x x DM w/ 1 S-1 DM DM S-2 DM x x
Ian 4 5 7 x x x x x x x IB IB S-1 X IB X x IB
Luke 4 5 6 x x x x x x LF S-1 LF LF LF LF
Parker 4 6 5 x x x x x S-2 PB PB PB PB x
Hank 4 6 6 x x x x x x HS HS HS S-1 x x
Lillie-Anne 4 5 5 x x x x x LS LS S-2 x LS
Jahiem 3 5 5 x x x x x S-2 JR JR S-1 JR JR
Ella 3 5 5 x x x x x S-1 EV EV EV x
Katherine 3 4 4 x x x x KR KR KR x x
Total = 10 8 7 6 7 7 7 8 8
Hannah   
= 5
n = 5 n = 5 n = 5 n = 5 n = 5 n = n = 
7.25 s = 1 s = 2 s = 1 s = 2 s = 2 s = s = 
Team 1
Team 2
Team 3
